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EXTENDED DATA-OUT | MOS DRAM 


INTRODUCTION 


Newer systems require higher memory bandwidth to improve performance. Although 
memory performance has increased over time, but some system needs outpaced the 
bandwidth of modes like Fast-Page Mode(FPM) or Static-Column Mode(SCM) in DRAMs. - 
The improved feature of FPM known as Extended Data-Out(EDO) can overcome the 
limitation of minimum page cycle time. The device with EDO feature accepts the column 
address for the next cycle without disabling the data output on the rising edge of CAS to 
achieve shorter cycle time than standard FPM. 


What is EDO 


In the conventional FPM read cycle, the data output buffers are turned off (High-Z) with the 
rising edge of CAS. Even though OE stays LOW state (active), positive going edge of CAS will 
make the data output buffers disabled. Figi shows a typical FPM read cycle. 
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Fig.1 FAST PAGE MODE READ CYCLE 
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EXTENDED DATA-OUT CMOS DRAM 


But during the CAS precharge time (tCP) of Extended Data Output mode, the data doesn't 
go invalid. EDO mode offers an accelerated Fast Page cycle, so called Hyper Page cycle, by 
moving the CAS high going edge earlier without effecting the data output buffers.DRAM read 
cycle and FPM read cycle are similar to EDO mode except valid data will be held as long as 
both RAS and OE are LOW. In EDO mode read cycle data output will be disabled by OE 
HIGH or WE LOW or both RAS and CAS HIGH. So when EDO DRAM is used in multiple 
banks, OE or WE may be the key clock to select the appropriate banks. These interleaving 
methods will be described later. 


Advantage of EDO 


The most important advantage is higher performance than FPM by Extended Data Out 
during the CAS precharge time(tCP). In page cycle, since data output does not go High-Z 
state at the rising edge of CAS, tCP and CAS pulse width (tCAS) can be reduced. 
Consequentially EDO mode may reduce the total page cycle time to tHPC. EDO mode read 
cycle is shown in Fig.2. 
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Fig.2 HYPER PAGE MODE READ CYCLE 
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EXTENDED DATA-OUT CMOS DRAM 


Fig.3 shows how EDO page cycle ( Hyper Page Cycle ) time can be reduced, compared to 
FPM. In FPM ( Fig.3.a ), minimum fast page mode cycle time ( tPC ) is decided by summation 
of CAS precharge access time ( tCPA ) and transition time (tT ), to guarantee the valid data 
access. Since tCPA is the longest access time in FPM, CAS cannot go HIGH before tCPA for 
the data out to be valid. 

But in EDO mode page read cycle ( Fig.3.b ), tHPC may save the tCP. tCPA is still the 
longest access time, but data out is active in the CAS precharge time. In other words, CAS 
may go high before tCPA as long as the starting point of the next CAS cycle dose not hurt the 
previous access. Consequentially minimum tHPC can be decided as tCPA - (tCP+tT), but tCP 
and tCAS must be guaranteed the minimum value( 10ns each at -6 part). In this way, the 
maximum bandwidth is increased from 40nsec in FPM to 24nsec in EDO page mode, up to 
60% improvement for -6 parts. Table1 shows the important EDO mode AC parameters 
comparing to FPM's. 
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Interleaving Methods 


CMOS DRAM 


In EDO DRAMs, CAS clock can not pe =iueed as selector of banks. Since the rising iedee of 


CAS can not make data output High-Z state. OE and WE can be used to select or deselect 
the appropriate banks. If CAS is LOW, OE must be used and if CAS is HIGH, either OE or 


WE may be used as master select signal. The OE and WE interleaving methods are shown 


in Fig.4. 
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Fig.4 OE & WE Interleaving Methods 
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EXTENDED DATA-OUT CMOS DRAM 


unit [ns] 


Parameter lepine 2! EDO | FPM 
Page mode cycle time 
Hyper page cycle time tHPC 24 

CAS pulse width cas | to | 15 _ | 
CAS precharge time tcp | 10 | 10 
Timi 


transition time tT(miny | 2 | 5 | 
Output buffer turn off delay from CAS | tCEZ(max) 15 15 
35 35 


Access time from CAS precharge tCPA 


Access time from column address AA | 30] «30 


Table1 AC Parameter Comparison table 


Column address hold time tCAH 10 15 
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Data Out Waveform In EDO Mode 


@Sample 


@Condition 


- KM416C254B , 300mil SOJ PKG 


(256K X 16,512 Refresh , Fast Page with EDO ) 


:5V/ Room Temp. 


tRCD : 20ns 
tCSH : 45 ns 
4 Bit Page In EDO ( Data Out 1 0 1 0) 
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KM44C1004C/CL/CSL CMOS DRAM 
1M x 4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KM44C1004C/CL/CSL is a CMOS high 


speed 1,048,576 x 4 Dynamic Random Access Memory. Its 

rea En ES design is optimized for high performance applications such 

eC ee Ceest? | 50ns | 13ns | 90ns| 20ns | as mainframes and minicomputers, graphics and high 
KM44c1o04c/cL/csL-6| 66ns | 15ns | 110ns| 24ns | 


performance portable computers. 
| KM44C1004C/CLICSL:7| 70ns | 20ns | 130ns| 20ns | 
PKimeacrooac/ouiest-8| sons | 20ns | 150ns| sans | 


¢ Fast Page Mode with Extended data out 
¢ CAS-before-RAS refresh capability 
e RAS-only and Hidden refresh capability 
¢ Fast parallel test mode capability 
* TTL compatible inputs and outputs 
¢ Early Write or output enable controlled write 
Single +5V+10% power supply 
¢ Refresh Cycle 
- 1024 cycle/16ms(Normal) 
- 1024 cycle/128ms(L-ver) 
- 1024 cycle/256ms(SL-ver) 
¢ Power Dissipation 
- Standby : 5.5mW(Normal) 
1.1mW(L-ver) 
0.55mW(SL-ver) 
- Active(50/60/70/80) : 468/413/358/303mW 
¢ JEDEC Standard pinout 
¢ Available in Plastic DIP,SOJ,ZIP and TSOP(II) 


The KM44C1004C/CL/CSL features EDO Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capability 
provides on-chip auto refresh as an alternative to RAS-only 
refresh. All inputs and outputs are fully TTL compatible. 


The KM44C1004C/CL/CSL is fabricated using Samsung's 
advanced CMOS process. 


FUNCTIONAL BLOCK DIAGRAM 
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Memory Array 


mps & I 


Refresh Counter 1,048,576x 4/& | | pales 
Cells ow 
>| Row Address Buffer e 
A0~ AQ i = 
Col. Address Buffer Column Decode OE 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 
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KM44C1004C/CL/CSL | CMOS DRAM 
PIN CONFIGURATION 1 (Top Views) 
* KM44C1004CP/CLP/CSLP * KM44C1004CJ/CLJ/CSLJ * KM44C1004CZ/CLZ/CSLZ 


|PinName| PinFunction 
[Vss_ | Ground 
CAS 


ata Outputs Enable 


Power(+5.0V) 


Vs 
C 


0 - Ag 
S 
C 


V 


[TAS 
LW Read/Write Input 
[OE 
[Veo 


ol 
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KM44C1004C/CL/CSL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


[Parameter «dS Symbot—[ating [ts 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (voltages referenced to Vss, Ta= 0 to 70 °C) 


[Param —[ Symbol [win tp | wor [ot 
aera 


Ce 
fngavigh vonage [ve | ee me | 
liga lowilattee Io Wao ce a 
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KM44C1004C/CL/CSL | * CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


[Parameter | Symbot| Min | Max | 


KM44C1004C/CLICSL-5 85 | mA 
OPERATING CURRENT" KM44C1004C/CL/CSL-6 loca 75 
(RAS and CAS cycling @tRC=min.) — KM44C1004C/CL/CSL-7 65 


4 


KM44C1004C 
KM44C1004CL 
KM44C1004CSL 


KM44C1004C/CL/CSL-5 
KM44C1004C/CLICSL-6 _ 
KM44C1004C/CL/CSL-7 
KM44C1004C/CL/CSL-8 
KM44C1004C/CL/CSL-5 
EDO MODE CURRENT* KM44C1004C/CL/CSL-6 
(RAS=Vi, CAS Address cycling @tHPC=min.)| KM44C1004C/CL/CSL-7 
KM44C1004C/CL/CSL-8 
STANDBY CURRENT a oie 
(RAS=CAS=W=Vec-0.2V) KM44C1004CSL 


STANDBY CURRENT 
(RAS=CAS=W=Vun ) 


RAS-ONLY REFRESH CURRENT* 
(CAS=Vin, RAS cycling @tRC=min.) 


KM44C1004C/CL/CSL-5 
KM44C1004C/CL/CSL-6 
KM44C1004C/CL/CSL-7 
KM44C1004C/CL/CSL-8 


CAS-BEFORE-RAS REFRESH CURRENT* 
(RAS and CAS cycling @tRC=min.) 


Batery back-up current 
Average power supply current 

Battery back-up mode 

Input high voltage(ViH)=Vcc-0.2V 

Input low voltage(ViL)=0.2V 
CAS=CAS-before-RAS cycling or 0.2V 
DQ1-DQ4=Don't care 

trc= 125s(L-ver), 250us(SL-ver) 
tras=tras min~300ns 


INPUT LEAKAGE CURRENT (Any input 0<Vin<Vcc+0.5V 
all other pins not under test=0 volts.) 


OUTPUT LEAKAGE CURRENT 

(Data out is disabled, 0V<VouT<Vcc) 
OUTPUT HIGH VOLTAGE LEVEL(lox=-5mA) | Vor | 24] - | 
OUTPUT LOW VOLTAGE LEVEL (lo.=4.2mA) “Vou 


*NOTE:  Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 and Iccs, 
address can be changed maximum two times while RAS=Vi. In Icca, address can be 
changed maximum once within one. Hyper Page cycle. 


KM44C 1004CL 
KM44C1004CSL 
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KM44C1004C/CL/CSL CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V, f=1MHz) 


a nee Ge 
ee eee ee 
input capactance (BAS, CAS,W,OE] | Owe 
output Capactance D1 Das} Coo 


AC CHARACTERISTICS (0°C<Ta<70°C, Vec=5.0V+10% See notes 1,2) 
Test condition: Vir/Vi =2.4/0.8V, Voh/Voi =2.0/0.8V, output loading CL=100 pF 


Random read or write cycle time 
Read-modify-write cycle time 
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Access time from CAS 
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RAS prechagetime TP 
RAS toCASdelaytime St 


transition time (rise and fall) * 
RAS to column address delay time 


Access time from column address 
TAS to output in Low-Z 
OE to output in Low-Z tO 


cournn accesso RES atime | 


Output buffer turn-off delay from CAS 
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Read command hoid time referenced to TAS 
Read command hold time referenced to RA 


Be) 
fe) 
ec 


Write command hold time 
Write command hold time referenced to 
Write command pulse width tWP 
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Nrite command to RAS lead time RV 


id 
Write command to CAS lead time tCWL 
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KM44C1004C/CL/CSL CMOS DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, Vec=5.0V+10% See notes 1,2) 
Test condition: Vin/Vil =2.4/0.8V, Vot/Voi =2.0/0.8V, output loading CL=100 pF 


precharge to W delay time tCPWD 
CAS set-up time (CAS-before-RAS refresh 
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KM44C1004C/CL/CSL - CMOS DRAM 


TEST MODE CYCLE 


Random read or write cycle time 
Read-modify-write cycle time tRWC 


1 
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—_ F—- 
Oo 1oO 
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ai aie 
Access time from CAS tcac | | nl me 
Access time from column address tra | pt aol asf ns J 3.14 


C 


10,004 _75| 10,000] 85} 10,000] ns |__| 


| 10,00 20] 10,000] 20| 10,000] ns |_| 
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Column address to RAS lead time tRAL 


Access time 

RAS pulse width tRAS 
CAS 

RAS to W delay time 

H 

H is 


ee eS ee eee 
ae ee a ee 
oe 7 Os 

TAStoWdelaytime ss CW | ss} ss] ns |g | 
3 ee re es 

a a > 
Ls 7 C675 GPa 
Hyper Page reackmodiywite cycietime |tuPawel 69 | | 76| | sal fron | [ns | 
RAS pulse width (Hyper Page cycle) _—| tRASP_| 55 |200,000|_65|200,000_75]200,000] 85 |200,000] ns |__| 
STR Te Cee eer (777 BO” Gs AE BET 
OE accesstime = ~dvoea |_| aol | ad | asl | 25lrs |__| 


[OE todatadelay te ie] fo} ost fs | ns | 
[oEcommandhoidtime toe fis] | zo] ast fs] ns | 


TEST MODE DESCRIPTION 


The KM44C1004C/CL/CSL is the CMOS DRAM organized 1,048,576 words by 4 bit internally organized 
524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the same way. 
Column address bit AO is not used. If upon reading, two bits on one I/O pin are equal (all "1" or "O"s) the I/O pin 
indicates a"1". If they were not equal, the I/O pin would indicate a "0". In "Test Mode”, the 1Mx4 DRAM can 
be tested as if it were a 512Kx4 DRAM. W and CAS before RAS Cycle (WCBR, Test Mode In Cycle) puts the 
device into "Test Mode", . And "CAS before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts. it back into 
"Normal Mode". In the Test Mode, "W and CAS before RAS Refresh Cycle" peforms the refresh operation with 
internal CBR refresh address counter. The "Test Mode" function reduces test time(1/2 in cases of N test 
pattern). 


<= 
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KM44C1004C/CL/CSL 


NOTES 


1. 


14. 


15. 


16. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vix(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vix(min) and ViL(max) are assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 


a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electrical characteristics only. If tWCS>tWCS(min) the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2>tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-write cycle and the data output 
will contain the data read from the selected address. If neither of the above conditions are satisfied, 
the condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
10. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 


a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 


value. These parameters should be specified in test mode cycles by adding the above value to the 


’ specified value in this data sheet. 


tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS high going, the open circuit condition of the output 
is achieved by RAS high going. 

tASC2tCPmin, Assume tT=2.0ns 


CMOS DRAM 
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KM44V1004C/CL/CLL | CMOS DRAM 
1M x4 Bit CMOS Dynamic RAM with Extended Data Out . 


FEATURES | GENERAL DESCRIPTION 


« Performance range: The Samsung KM44V1004C/CL/CLLis a CMOS high 


speed 1,048,576 x 4 Dynamic Random Access Memory. Its 

po tac} tac | tao | tHPC design is optimized for high performance applications such 

| KM44V1004C/CL/CLL-6| 60ns | 15ns |110ns| 24ns} ag personal computer, graphics and high performance 
KM44V1004C/CLICLL-7| 7ons | 20ns |130ns} 29ns | 


portable computers. 

| KM44V1004C/CLICLL-8| 80ns | 2ons|150ns| 34ns]| The KM44V1004C/CL/CLL features EDO Mode operation 
+ Fast Page Mode with Extended data out which allows high speed random access of memory cells 
- Self Refresh operation(LL-ver.) within the same row. CAS-before-RAS refresh capability 
* CAS-before-RAS refresh capability provides on-chip auto refresh as an alternative to RAS-only 
* RAS-only and Hidden refresh capability refresh. All inputs and outputs are fully TTL compatible. 
¢ Fast parallel test mode capability 
* TTL compatible inputs and outputs The KM44V1004C/CL/CLL is fabricated using Samsung's 
* Early Write or output enable controlled write advanced CMOS process. 


« Single +3.3V+ 0.3V power supply 
* 1024 cycle/16ms refresh(Normal) 
* 1024 cycle/128ms refresh(L/LL-ver) 
* Power Dissipation 
- Standby : 3.6mW(Normal) 
0.36mW(L-ver) 
0.36mW(LL-ver) 
- Active(60/70/80) : 220/200/180mW 
¢ JEDEC Standard pinout 
¢ Available in Plastic DIP,SOJ, ZIP and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


BAS 
Control Vopp 
CAS Clocks Vss 
W Ves Generator 


Refresh Timer 
ae, 
Refresh Control 


Refresh Counter 


fe) 

ra) 

wo 

a9 

& 
+I Row Address Buffer 5 
= Col. Address Buffer Column Decode 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 


Memory Array 
1,048,576x 4 
Cells 


AO - AQ 
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KM44V1004C/CL/CLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM44V1004CP/CLP/CLLP * KM44V1004CJ/CLJ/CLLJ ¢ KM44V1004CZ/CLZ/CLLZ 


[ras | ow Adsess Suabe 
OE | DataOutputsEnable 
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KM44V1004C/CL/CLL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


a 
| PowerDissipation = | P| SOOT mw 
| Short Circuit Output Current | tos, S| | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


| _Parameter | Symbol | Min | Typ | Max | Unit 
[Supp Votage | ve | s0 | as | 36 | v 
input High Votage | vm | 20 | - _|vooroal v | 
[input Low Votage | ve [oa | - | oe | v 


< 


; 


< 


< 
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KM44V1004C/CL/CLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


| Parameter 0 Symbot| tin | Max | Units 


OPERATING CURRENT* KM44V1004C/CL/CLL-6 mA 


: , KM44V1004C/CL/CLL-7 
(RAS and CAS cycling @tRC=min.) KM44V/1004C/CL/CLL-8 


KM44V1004C 
KM44V1004CL 
KM44V1004CLL 
KM44V1004C/CL/CLL-6 


KM44V1004C/CL/CLL-7 
KM44V1004C/CL/CLL-8 


STANDBY CURRENT 
(RAS=CAS=WE=Vin ) 


RAS-ONLY REFRESH CURRENT* 
(CAS=Vin, RAS cycling @tRC=min.) 


KM44V1004C/CL/CLL-6 


EDO MODE CURRENT* 
: ; KM44V1004C/CL/CLL-7 
(RAS=ViL, CAS,Address cycling @tPC=min.) KM44V/1004C/CL/CLL-8 


STANDBY CURRENT 
_(RAS=CAS=W=Vpp-0.2V) 


KM44V1004C 
KM44V1004CL 
KM44V1004CLL 
KM44V1004C/CL/CLL-6 


KM44V1004C/CL/CLL-7 
KM44V1004C/CL/CLL-8 


CAS-BEFORE-RAS REFRESH CURRENT* 
(RAS and CAS cycling @tRC=min.) 


Battery Back Up Current 
Average Power Supply Current, 

Battery Back Up Mode 

Input High Voltage (ViH)=Vpp-0.2V 

Input Low Voltage (Vit)=0.2V 

CAS = CAS-Before-RAS Cycling or 0.2V 
DQ1-DQ4 = Don't Care 

tre =125 uS, tras =tras min.~300 nS 


KM44V1004CL pA 


KM44V1004CLL Iccs En 


INPUT LEAKAGE CURRENT (Any input 0<Vin<Vo0+0.3V ‘6 
all other pins not under test=0 volts.) 


OUTPUT LEAKAGE CURRENT } ton | 10] 10] wa | 
(Data out is disabled, OVsVout<Vpp) 

OUTPUT HIGH VOLTAGE LEVEL(lon=-2mA) | Vow | 24] - |] vi | 
OUTPUT LOW VOLTAGE LEVEL (lo.=2mA) | Vo | - | 04] Vi | 


“NOTE :  Icci, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icci and Iccs, 
address can be changed maximum two times while RAS=Vit. In Icc4, address can be 
changed maximum once within one Hyper Page cycle. 


Self Refresh Current 
RAS=CAS=ViIL 
W=OE=A0-A9=Vpp-0.2V or 0.2V 
DQ1-DQ4=Vpp-0.2V, 0.2V or OPEN 


a” 
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KM44V1004C/CL/CLL CMOS DRAM 


CAPACITANCE(Ta=25°C, VDD=3.3V, f=1MHz) 


| Min | 
Input capacitance [AO - AQ ete tl 
Input capacitance [RAS, CAS, OE) ea a 


Output Capacitance [DQ1 - DQ4] 


AC CHARACTERISTICS (0°C<Ta<70°C, Vop=3.3V+0.3V See notes 1,2) 
Test Condition : Vin/Vii = 2.0V/0.8V, Von/Voi = 2.0V/0. g 
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Read-modify-write cycle time - tRWC 155 
Access time from RAS 
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Output buffer turn-off delay from CAS 
ransition time (rise and fall) 


—_—k —_ 
th °o 2 De) pe) 
fo) Aw ~ (o) § oO 


T | 250 
RAS prechargetime RP z= aa 
| 70} toK| 80 
RAS hold time tRSH a ee ee 
TAS hold time tCSH | 60} == | 70 | 
| 15 | tok] 20 | 
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RAS to CAS delay time tR 


RAS to column address delay time 


CAS to RAS precharge time 
Row address set-up time 


=e ae Ph toad bod 
- 
—s 


a 


I BID |B 10 | 
- O [xr [Div I/O 


=) 


— ) 


_ 
oO 


Row address hold time 
Column address set-up 
{CAH 


-up time 
olumn address hold time referenced to BAS 


Column address to BAS lead time 
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Write command to CAS lead time tCWL 10 
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KM44V1004C/CL/CLL -_CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, Voo=3.3V+0.3V See notes 1,2) 


Parameter 


ata hold time referenced to RAS 
period(Normal 
period(L-ver & LL-ver 


Column address toWdelaytime AWD | _—55 | 

CAS precharge toWadelaytime _—=s——stcpwo | 60] | 7o | | 75 | | ns | 

CAS set-up time (CAS-before-RAS refresh) |tcsh_ | 10] | 10 | | 10 | [ns | 

TAS hold time (CAS-before-RAS refresh) _|tcHR_ | io] | 15 | | is | [ns | 

IFAS toTAS prechargetime  —Ss»s——stRPC, | 5 | | ts | | 0 | ns | 

CAS precharge time(C-B-Rcountertestcycle)|tcpPT_ | 20] | 30 | | 30 | Ins | 

Access time form CAS precharge 

lHyperPagecycletime HPC | | | i oa 

Hyper page read-modity-write cycletime _|tHPRWc| 73] | es | | 98 | 
precharge time (Hyper page cycle tCP | 40 | 

RAS pulse width (Hyper Page cycle) _—IRASP_| 60] 200K| 70 | 200K| 80 __ 

BAS hold time from CAS precharge || ao 

tOEA 

OE to data dela | 

[Out put buffertum offdelaytimefromOE _|toez_| 3] 151 3 | 20| 3 | 20| ns [744 

[OE commandholdtime == tO | a5| =| 20 | =| 20 | ns | 

IW to RAS precharge time (C-B-Rvcle) _itwap_| to| | 10 | | 10 | | ns | 

WitoRAS holdtime(C-BRcycle) _—sitwrH | 10] | 10 | | 10 | | ns | 

lOutputdataholdtime -—Ss st |g | 


S=/DIDIP2: |OJO 

= |S 13 212 
~ la |[® Io Io ntl ba 
o 1° Ig 1S [$F 3 |e 
4/413 ale 
Qa ja = fo 
$ 13 |3 3 ja. 
@ |p |> ® |5 
a jez [o i 
3 3/2 
® jo Ie 

=. 
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CAS hold time to ©! 


OE precharge time 
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KM44V1004C/CL/CLL . CMOS DRAM 
TEST MODE CYCLE 


iain 
Random read or wite ey tine fro _| 115] 
[60 | 
access time rom RRS Ci |_| 
bo 
ae 
a 
rs 


_— 


Note. 12) 


G2 — G) 1GT G 
send m— Pay A 

=~ To] = 

—s 


Read-modify-write cycle time tRWC 
tCAC 
me from column address 
i 10,00 
i 10,00 
| 
| 
a 


| Max 
ae 
| Lee 
| 6g 
s time fr 29 
s time fr a: 
| 10,000 
| 10,000 
RAS holdtime Sts [20 | 
[cASholdtime SS tcc =| 55 | ss | 
[Column address to RAS leadtime wnat |_ a5 || 
cAStoWdelaytime Ss two [a5 [| 
HAS to Wdelaytime Sst | 90 | 
lCoumn addresstoWdelaytine __——itawo | 60 |_| 
HyperPagecycletime Sto | 20 || 
| 


| Hyper page read-modify-write cycle time _HPRWG_78_| 
RAS pulse width (Hyper Page cycle) __——stRASP_ | 65_| 200,00 
Access timeformCAS precharge —Sftcpa | bl 
OE accesstime Ss S—C*iit A | | 
OEtodatadelay Ss SC~C*C*iOUED_ «CY 2 | Cd 
[OE commandholdtime __—=s—SOEH | 20 | |__| 


Oo }O OE 


oO 


85__}200,00 
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Acces 
Acces 
RAS pulse width 
CAS 
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TEST MODE DESCRIPTION 


The KM44V1004C/CL/CLL is the CMOS DRAM organized 1,048,576 words by 4 bit internally organized 
524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors‘in parallel and retrieved the same way. 
Column address bit AO is not used. If upon reading, two bits on one I/O pin are equal (all "1" or "O"s) the I/O pin 
indicates a'"1". If they were not equal, the I/O pin would indicate a "0". In "Test Mode", the 1Mx4. DRAM can 
be tested as if it were a 512Kx4 DRAM. W and CAS before RAS Cycle (WCBR, Test Mode In Cycle) puts the 
device into "Test Mode", . And "CAS before RAS Refresh Cycle" or "RAS Only Refresh Cycle” puts it back into 
"Normal Mode". In the Test Mode, "W and CAS before RAS Refresh Cycle" peforms the refresh operation with 
internal CBR refresh address counter. The "Test Mode” function reduces test time(1/2 in cases of N test 
pattern). 


<=> 


ELECTRONICS 


KM44V1004C/CL/CLL CMOS DRAM 
NOTES 


1. 


14. 


15. 


16. 
17. 


Pans 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vix(min) and Vi.(max) are assumed to be 5ns for all inputs except tHPC and tHPRWC 


. Measured with a load equivalent to 1 TTL load and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min) the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tCWD>tCWD(min), tRWD> tRWD(min) 
and taWD2> tAWD(min), then the cycle is a read-write cycle and the data output will contain the data read 
from the selected address. If neither of the above conditions are satisfied, the condition of the data out is 
indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 


in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 


These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 

tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage level. 

lf RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is achieved 
by RAS high going. 

tASC2tCPmin, Assume tT=2.0ns 

1024 cycle of burst refresh must be executed within 16ms before and after self refresh, in order to 

meet refresh specification.(LL-ver.) 
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ELECTRONICS 


KM48C514B/BL/BLL CMOS DRAM 
512K x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KM48C514B/BL/BLL is a CMOS high speed 


524,288 x 8 Dynamic Random Access Memory. Its design 
Pp tac] tac] te | tHPC | is optimized for high performance applications such as 
KM48C514B/BL/BLL-5 |_50ns | 17ns |90ns | 20ns | personal computer, graphics and high performance portable 
KM48C514B/BL/BLL-6| 60ns|_17ns | 110ns| 24ns_ 


computers. 


The KM48C514B/BL/BLL features EDO Mode operation 
which allows high speed random access of memory cells 


* Fast Page Mode with Extended data out within the same row. CAS-before-RAS refresh capability 
¢ Self Refresh operation(LL-ver.) provides on-chip auto refresh as an alternative to RAS-only 
¢ CAS-before-RAS refresh capability refresh. All inputs and outputs are fully TTL compatible. 

¢ RAS-only and Hidden refresh capability 

¢ TTL compatible inputs and outputs The KM48C514B/BL/BLL is fabricated using Samsung's 
* Early Write or output enable controlled write advanced CMOS process. 


* Dual +5+ 10%power supply 
e Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOPiII) 


FUNCTIONAL BLOCK DIAGRAM 


Control Vcc 
Clocks Vss 


ppetreshiTirer Timer 


ane Control 
Memory Array 


Refresh Counter 524,288 x 8 i 


Cells 


P| Row Address | Row Address Buffer 


Col. Address Buffer Column Decode 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 
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ELECTRONICS 


KM48C514B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM48C514BJ/BLJ/BLLJ e KM48C514BT/BLT/BLLT ¢ KM48C514BTR/BLTR/BLLTR 


|PinName| PinFunction 
e Data In/Out 

Ground 

[Wo | ReadMWrite Input 

|OE | DataOutputsEnable 
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ELECTRONICS 


KM48C514B/BL/BLL | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


es 
a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


a 
poy votage [ve | es | so | ss |v 
feud if vm fe fe | 2 |v 
[nmuerignvorage | vm | ea |. | von | v 
[nputtow vonage | we | sa | - | oe | v 


< 


< 


< 


< 
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ELECTRONICS 


KM48C514B/BL/BLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


| Parameter Symbol] in| Max | Units | 


OPERATING CURRENT* KM48C514B/BUBLL-5 


; , KM48C514B/BL/BLL-6 
(RAS and CAS cycling @tRC=min.) KM48C514B/BL/BLL-7 


STANDBY CURRENT KM48C514B 
(RAS=CAS=WE=Vin ) KM48C514BL Icc2 
KM48C514BLL 


KM48C514B/BL/BLL-5 
RAS-ONLY REFRESH CURRENT* KM48C514B/BL/BLL-6 


(CAS=Vin, RAS cycling @tRC=min.) KM48C514B/BL/BLL-7 


KM48C514B/BL/BLL-5 
EDO MODE CURRENT KM48C514B/BL/BLL-6 


(RAS=ViL, CAS,Address cycling @tPC=min.) KM48C514B/BL/BLL-7 


KM48C514B 
KM48C514BL 
KM48C514BLL 150/ HA 


KM48C514B/BL/BLL-5 85 | MA 
KM48C514B/BL/BLL-6 Icce La 
KM48C514B/BL/BLL-7 


_ {tt 
W=OE=A0-A9=Vcc-0.2V or 0.2V 


KM48C514BLL Iccs yA 
DQ1-DQ8=Vcc-0.2V, 0.2V or OPEN 


INPUT LEAKAGE CURRENT (Any input 0<Vin<Vcc+0.5V In) 10 
all other pins not under test=0 volts.) 
OUTPUT LEAKAGE CURRENT ian 46 
Data out is disabled, OVSVoutTsVCC 
OUTPUT HIGH VOLTAGE LEVEL (lo=-5mA) Sued stand Baewsty aNee | 
OUTPUT LOW VOLTAGE LEVEL(lo.=4.2mA) | Vo | - | 04] V | 


*NOTE: 


STANDBY CURRENT 
(RAS=CAS=W=Vcc-0.2V) 


CAS-BEFORE-RAS REFRESH CURRENT* 
(RAS and CAS cycling @tRC=min.) 


Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode 

Input High Voltage (Vin)=Vcc-0.2V 
Input Low Voltage (ViL)=0.2V 

CAS = 0.2V 

DQ= Don't Care 

Tre =125 wS, Tras =Tras min.~300 nS 


Self Refresh Current 
RAS=CAS=0.2V 


Icc1, Icc3, loca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icci and Iccs, 
address can be changed maximum two times while RAS=Vi.. In Icc4, address can be 
changed maximum once within one Hyper Page cycle. 


= : 7 


ELECTRONICS 


KM48C514B/BL/BLL CMOS DRAM 
CAPACITANCE(Ta=25°C, Voc=5V, f=1MHz) 


ee TT a 
nee en te pe 
input oapactanes IAS, CASE) | Ge |. | 7 | pr 
[Ouput apactance|DG1-Daq) | Ge | - | 7 | pF | 


AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%. See notes 1,2) 
Test condition: Vin/Vit=2.4V/0.8V, Voh/Vol =2.0V/0.8V, output loading CL=100 pF 


Le ee ee ee ee 
a SS ee 


[Random readorwritecycletime __—s{trc_| oof | tio | 480 | [ns] 
exinodteseciin ice 


pews | 95) fee | t_fe _ 
ceesstime tom AAS____jinac |_1_so}_}_60)_1_7o/ ns 3410 


Ac 


time from C a= 


a 
xs ausenuan {as { soften 0 006 70 pone 
SS ee ee 
CAS puisewicth == cas | [10,000] 10 [10,000] 15 | 10,000] ns] 15_| 

| 20| |20| 43| 20 |  solns| 4 
S90} 16 | _aspne} 11 | 
| 5] inst 
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puaccinisenicn {se [of fa {fo [frat 
Write command to CAS lead time frcwc{ 3f | 107 15 | ns] 


* - 50ns Product : Output Loading(C1)-50pF, Vec=5V + 5% 


en” 
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KM48C514B/BL/BLL CMOS DRAM 


AC CHARACTERISTICS (0°C<Tas70°C, Vec=5.0V+10%. See notes 1,2) 


Parameter 


Data set-up time 

Data hold time 
data hold time referenced to RAS 
Refresh period (Normal 

Refresh period (L-ver. & LL-ver. 
Write command set-up time 


= Wy 6 (J) RO LJ 
= " aad 
LJ 


ib 
ots Kk 
DwWephb Ho 


RAS to W delay time 
Column address to W delay time 
precharge to W delay time 
CAS set-up time (CAS-before-RAS refresh 
CAS hold time (CAS-before-RAS refresh 
A precharge time 

precharge time(C-B-R counter test cycle 
Access time from CAS precharge A | ag | 
Hyper page cycle time upc | ao] | aa] | ao | shh 
| CAS precharge time | precharge time (Hyper page cycle) per page c eS 


RAS hold time from CAS precharge 
OE access time 
OE to data dela 


[OE todatadelay 
[Out put buffertum off delayformOE __—iroez | al ia] 3 45 | 
[OE commandholdtime = toc =| ast | as | zo | ns | 
[Output dataholdtime tpn | st Ts] Ts | ns | 
[Output butfertum off delay from RAS imez | al 13] 3] is] 3 | 20 [ns 14 
| Output buffer turn off delay fromW __—irwez | st iat 3} is| 3 20|nsho 
[Wtodatadelay WED pas} | ao] Ins] 
JOE to TASholdtime Sto S| | Ts | 

gl Ir 


SEEERE BE 
el 
diddas 


*- 50ns Product : Output Loading(CL)=50pF, Vec=5V + 5% 


ea 
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KM48C514B/BL/BLL CMOS DRAM 


NOTES 


1. 


15. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vin(min) and Vit(max) are assumed to be 5ns for all inputs except tHPC and tHPRWC 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 


. Assumes that tRCD> tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2>tWCS(min) the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), tRWD2 tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-write cycle and the data output will contain the data read 
from the selected address. If neither of the above conditions are satisfied, the condition of the data out is 
indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
10. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 
in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 


. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the open 


circuit condition and are not referenced to output voltage level. 


. 1024 cycle of burst refresh must be executed within 16ms before and after self refresh, in order to 


meet refresh specification.(LL-ver.) 


. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high 


going. If CAS goes high before RAS high going, the open circuit condition of the output is achieved by 
RAS high going. 
tASC 2 tCPmin, Assume tT = 2.0 ns 


so " 


ELECTRONICS 


KM48V514B/BL/BLL CMOS DRAM 


512K x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 
¢ Performance range: The Samsung KM48V514B/BL/BLL is a CMOS high speed 
524,288 x 8 Dynamic Random Access Memory. Its design 
P| tac] tac] tre | HPC. : “i : 


is optimized for high performance applications such as 
personal computer, graphics and high performance portable 
computers. 

The KM48V514B/BL/BLL features EDO Mode operation 
which allows high speed random access of memory cells 


[ KM48V514B/B/BLL-6 | 60ns| 17s |110ns| 24ns | 
| KM48V5146/BL/BLL-7 | 70ns|_20ns |130ns| 29ns | 


rowevsraBreue-e| eons zon | 50] ne 


° Fast Page Mode with Extended data out within the same row. CAS-before-RAS refresh capability 
* Self Refresh operation(LL-ver.) provides on-chip auto refresh as an alternative to RAS-only 
° CAS-before-RAS refresh capability refresh. All inputs and outputs are fully TTL compatible. 
e RAS-only and Hidden refresh capability 
¢ TTL compatible inputs and outputs The KM48V514B/BL/BLL is fabricated using Samsung's 
¢ Early Write or output enable controlled write advanced CMOS process. 
¢ Dual +3.3V+ 0.3V power supply 
e Refresh Cycle 

-1024 cycle/16ms (Normal) 


-1024 cycle/128ms (L/LL-ver) 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 


VDD 
Vss 


Refresh Timer 


Refresh Control 
i Refresh Counter 
>| Row Address Buffer 


Col. Address Buffer -» Column Decode: 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 


<> 
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Control 
Clocks 


Data in 
Buffer 


DQ1 
to 
DQ8 


Memory Array 
524,288 x 8 
Cells 


OE 


KM48V514B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM48V514BJ/BLJ/BLLJ ¢ KM48V514BT/BLT/BLLT ¢ KM48V514BTR/BLTR/BLLTR 


Address Inputs 
| DQ1-8 _| Data In/Out 
Ground 


TOE | Data Outputs Enable ___ 


<> 
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KM48V514B/BL/BLL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


[Parameter ————=«;'—Symmbot_—‘| ‘Rating’ | Unite —| 

Voltage on any pin relative to Vss 
| PowerDissipation S| P| tL Cw 
| Short Circuit Output Current | tos =| | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. , 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[parameter | Symbor [win [te | Wax | Unt 
[Supply Voltage | = Vo ~Ss| SO Ssid|C | 86 | 
[Ground 


< 


ss 


input High Vonage [vw | et | -_[voowal v 
input Low Votage [| 03 | - | oe [|v 


; 


<|< 


pened 
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KM48V514B/BL/BLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


OPERATING CURRENT* KM48V514B/BL/BLL-6 


; : KM48V514B/BL/BLL-7 
(RAS and CAS cycling @tRC=min.) KM48V514B/BL/BLL-8 


KM48V514B 
KM48V514BL 
KM48V514BLL 
KM48V514B/BL/BLL-6 


KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


STANDBY CURRENT 
(RAS=CAS=W=EVu ) 


RAS-ONLY REFRESH CURRENT* 
(CAS=Vin, RAS cycling @tRC=min.) 


KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


EDO MODE CURRENT* 
(RAS=Vi_, CAS,Address cycling @tPC=min.) 


STANDBY CURRENT 
(RAS=CAS=W=Vpp.0.2V) 


KM48V514B 
KM48V514BL 
KM48V514BLL 
KM48V514B/BL/BLL-6 


KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


CAS-BEFORE-RAS REFRESH CURRENT* 
(RAS and CAS cycling @tRC=min.) 


Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode 

Input High Voltage (ViH)=Voppb-0.2V 
Input Low Voltage (ViL)=0.2V 

CAS = 0.2V 

DQ= Don't Care 

Tre =125 pS, Tras =Tras min.~300 nS 


KM48V514BL Icc7 LA 
Self Refresh Current 
RAS=CAS=VIL 
W=OE=A0-A9=Vob-0.2V or 0.2V 


KM48V514BLL Iccs LA 
DQ1-DQ8=Vpp-0.2V, 0.2V or OPEN 


INPUT LEAKAGE CURRENT (Any input 0<VinsV0+0.3V iat 

all other pins not under test=0 volts.) 

OUTPUT LEAKAGE CURRENT ms 

(Data out is disabled, OV<VouT<VDD) 

OUTPUT HIGH VOLTAGE LEVEL(loH=-2mA) a 
OUTPUT LOW VOLTAGE LEVEL (lo.=2mA) | Vo | - | o4f Vv | 


“NOTE : 


Icc1, Icca, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. in Icc1 and Iccs, 
address can be changed maximum once while RAS=Vit. In Icc4, address can be changed 
maximum once within one Hyper Page cycle. 
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KM48V514B/BL/BLL CMOS DRAM 


CAPACITANCE(Ta=25°C, VDD=3.3V, f=1MHz) 


[Parameter | Symbol | Min, | Max [unit 
[inputcapacitancefao-Ag) | ms S| Tt 
[Input capacitance (RAS, CAS,OE) | ce | | 
[Output Capacitance [Dat -pas) [coo | 


AC CHARACTERISTICS vielen Vop=3.3V+0.3V See notes 1,2) 
Test Condition : Vin/Vit = 2.1V, Voh/Vol = 2.0V/0.8V, Output Loading C.= 100pF 


Sa 
Random read orwritecycletime [tre | to] | 90] | 50 | os | 
Read-modify-wrte cycietime awe | t65| | 5] | os 


oe eee ee 
CAS tooutputintowz ss tcuz | |S 
[CE tooutputintowz ss ftorz | TST 
JOutput butter tum-off delay fromAS | tcez | 3] 15] 8 | 20] |] W714 
Transtion ime (ise andial) {a | 2] sof 2] so | sol pb 


FAS pete ino [we [| [>| — ee a a ee ee 
FAS pulsewidth tS | 60 | 10,000] 70 | 10,000] 80 | 10,000] ns |__| 
RASholdtime Sts | 7] | 20 | | ss | 


a er 
esas ee,  _ | ee e a e 
cree oy ae Fa eee 

Ee epee mR CE ORR OT 
eat tof apewgetys aes } 8} sf} 
Bwadiassazina asa | —o{ a ey ee a ee 
foams fat et tet fof Prt 


thie 
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KM48V514B/BL/BLL CMOS DRAM 
AC CHARACTERISTICS (0°C<Ta<70°C, Voo=3.3V+0.3V See notes 1,2) 


tos | of) CT co | 


Data set-up time 
Data hold time 


Refresh period(Normal 
Refresh period(L-Ver, LL-Ver. 


CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh 

TAS precharge time(C-B-F counter test oycle)|tcpT__| _20 | 
{CPA 

Hyper Page cycle time tHPC 


CAS precharge time (Hyper page cycle 


tCP 10 
RAS pulse width (Hyper Page cycle) ___—itrasp_| 60 |_100K|_ 70 | 100K] 80 _| 
BAS hold time from CAS precharge truce | a5] | ao | | as | I ns | 


per page read-modify-write cycle time HHPRWC| 76 |  —s| at | 
io | | 40 =| 


| is} 
ai 
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KM48V514B/BL/BLL CMOS DRAM 
NOTES 


1. 


15. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vix(min) and Vit(max) are assumed to be 5ns for all inputs except tHPC and tHPRWC 


. Measured with a load equivalent to 1 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vox or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2 tWCS(min) the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), tRWD2 tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-write cycle and the data output will contain the data read 
from the selected address. If neither of the above conditions are satisfied, the condition of the data out is 
indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
10. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 
in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 


. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the open 


circuit condition and are not referenced to output voltage level. 


. 1024 cycle of burst refresh must be executed within 16ms before and after self refresh, in order to 


meet refresh specification.(LL-ver.) 


. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high 


going. If CAS goes high before RAS high going, the open circuit condition of the output is achieved by 
RAS high going. . 
tASC = tCPmin, Assume tT = 2.0 ns 
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KM416C254B/BL/BLL 


CMOS DRAM 


256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


e Performance range: 


Po tI tcac| tac | tHPC| 
KM416C254B/BL/BLL-5| 50ns| 17ns|_90ns| 20ns_ 
KM416C254B/BL/BLL-6| 60ns| 17ns|110ns| 24ns | 
KM416C254B/BL/BLL-7| 7ons| 20ns|130ns| 2ons | 


¢ Fast Page Mode with Extended Data Out 
* Byte word Read/Write operation 
¢ CAS-before-RAS refresh capability 
¢ RAS-only and Hidden refresh capability 
¢ Self Refresh operation (LL-ver) 
* TTL compatible inputs and outputs 
¢ Early Write or output enable controlled write 
* Triple +5V+10% power supply 
e Refresh Cycle 
- 512 cycle/8ms (Normal) 
- 512 cycle/64ms (L-version) 
- 512 cycle/128ms (LL-version) 
¢ Power Dissipation 
- Standby : 5.5 mW (Normal) 
1.1 mW (L-version) 
0.83 mW (LL-version) 
- Active(50/60//70) : 605/495/440mW 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOP(I!) 


GENERAL DESCRIPTION 


The Samsung KM416C254B/BL/BLL is a CMOS high 
speed 262,144 bit x 16 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as minicomputers, graphics and high performance 
portable computers. 

The KM416C254B/BL/BLL features EDO Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capability 
provides on-chip auto refresh as an alternative to RAS-only 
refresh. All inputs and outputs are fully TTL compatible. 

The KM416C254B/BL/BLL is fabricated using Samsung's 
advanced CMOS process. 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
LCAS Control 
UCAS Clocks 
W 


Refresh Control 
Refresh Counter 
AO i Row Address Buffer 

Col. Address Buffer 


A8 


Vcc 
Vss 
Ves Generator 


ou Decoder 


Memory Array 
262,144 x 16 


Column Decode 


(a) 


ca) 
m7 


Cells 


Upper 
Data out 
Buffer 


SAMSUNG ELECTRONIC CO.,LTD. reserves the right to change 
products and specific’:tions without. stice. 
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KM416C254B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM416C254BJ/BLJ/BLLJ ¢ KM416C254BT/BLT/BLLT ¢ KM416C254BTR/BLTR/BLLTR 


oO 


, 
2 
3 
4 
5 
6 
7 
8 
9 


|PinFunction 
|W | Read/Write input 


<> 
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KM416C254B/BL/BLL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


ee 
a 
[ston Gro oupa caren’ | me fof ma 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Parameter ——[Symbor[ win [tye [wax [Unit 
Sump vote | ve | 48 | 50 | 55 | v_ 
fens | vm | «| |o |v 
[neuigrvorage [vw | 24 | | ves |v 
[nnatowvetage [ve | so | - | 0» | v_| 


<j;~</<[{< 


KM416C254B Truth Table 
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KM416C254B/BL/BLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Cd 


OPERATING CURRENT* KM416C254B/BL/BLL-5 110| mA 
Icc1 90; mA 
80} mA 


: ; KM416C254B/BL/BLL-6 
(RAS and CAS cycling @tRC=min.) KM416C254B/BL/BLL-7 


STANDBY CURRENT es i 
(RAS=UCAS=LCAS=W=Vum ) 
: KM416C254B/BL/BLL-5 110} mA 
ee ee er . _ |KM416C2545/BL/BLL-6| Ics 90{ mA 
Bencanend, yen =min-) _1KM416C254B/BL/BLL-7 80| mA 
KM416C254B/BL/BLL-5 70| mA 
(RAS=Vi, UCAS or LCAS,Address cycling KM416C254B/BL/BLL-6| Icc4 60| mA 
@tHPC=min.) KM416C254B/BL/BLL-7 55| mA 
STANDBY CURRENT Savona | i aati 
(RAS=UCAS=LCAS=W=Vcc-0.2V) oi B00 | 
KM416C254BLL 150} A 


: KM416C254B/BL/BLL-5 110! mA 
CAS-BEFORE-RAS REFRESH CURRENT KM416C254B/BL/BLL-6| Ice 90! mA 
KM416C254B/BL/BLL-7 80| mA 

DQ=Don't Care 


(RAS, UCAS or LCAS cycling @tRC=min.) 
KM416C254BL Icc7 300} LA 
Tre =125 wS(L-ver), Tras =Tras min.~300 nS 


Self Refresh Current 
RAS = CAS =0.2V ices 
W = OE =A0 ~ A8 = Voc-0.2V or 0.2V RMISCESSBTL ad 
DQ1~16 = Vcc-0.2V, 0.2V or OPEN 
INPUT LEAKAGE CURRENT (Any input 0<Vin<Vcc+0.5V In) 10 A 
all other pins not under test=0 volts.) 
OUTPUT LEAKAGE CURRENT ' 10 
(Data out is disabled, OV<VouTs<Vcc) om | - pA 
OUTPUT HIGH VOLTAGE LEVEL(loH=-5mA) | vow | a4] - | v | 
OUTPUT LOW VOLTAGE LEVEL(Io.=4.2mA) Piece ial el 


*NOTE : Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 and Iccs, 
address can be changed maximum two times while RAS=ViL. In Icc4, address can be 
changed maximum once within one Hyper page cycle. 


HYPER PAGE MODE CURRENT* 


Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode 

Input High Voltage (ViH)=Vcc-0.2V 
Input Low Voltage (ViL)=0.2V 
CAS =0.2V 


ae ° 
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KM416C254B/BL/BLL CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc=5.0V, f=1MHz) 
Parameter 


Input capacitance [RAS, UCAS, LCAS, W, OE] ae eee lee) 
Output Capacitance [DQ1 - DQ16] 


AC CHARACTERISTICS (0°Cs<Tas70°C, Vcc=5.0V410%. See notes 1,2) 
Test condition: ViH/ViL=2.4V/0.8V, Voh/Voil =2.0V/0.8V, output loading CL=100 pF 


a a 
[Read-modify-writecycletime sf tRwo 135 | [155 | | 85 | [ns] 
AccesstimefromRAS tac | | 50] | 0] || ns] 3,4,11] 
JAccesstimefromCAS tcc | | t7] | 17] | ns] 3.4.5 | 
Access time from column address rian |) CU] 5] | 80] | as | ns] 3,11 | 
CAS to outputintowz Ss tciz | 3 |) | 3 || 8 | ns] 3 | 
[OE to outputintwz stor | 3 |) hf 3 || 8s] | 
Output buffer turn-off delay from CAS licez | 3] 131 3 | 15] 3] 20] ns] 7,14 | 
Transition ime (rise andfay) _———<dtrr_~—| 2] 60] 2 | 60] 2| solns| 2 | 
[RAS prechargetime site =| go | | 40 | ~~ | 50 | ins] 
RAS pulse width fipas | 50 | tok] 60 | 10K] 70 | soK|ns| | 
RS We te ea ite i fe 
CAS hold time 
CAS pulse width 
= to CAS delay time 


CAS to RAS precharge time 
Row address set-up time 
Row address hold time 


Column address set-up time 


[Column address setup time ____idty | 0 | [ns | 
ecinisainesndie eal ge | Sole Lae — “oe ae 
[Column address hold time referencedtoRAS| tan | 40 | | 45 | | 55 | [ns] 6 | 
[Column address to RAS leadtime tip | 25'| | 30 | | 35 | [ns] __—i 
Read command set-up time pp 

Read command hold time referenced to CAS aSpunck | of Ins] 9 | 
fuscomrinatr seemeenistemut ot Tet of ta 


ftacocuiaciesicamanmstce {at —[ {Pst te 
eae RT ee 
eee man ec EG 
Write command to CAS lead time row | _s{ |i} [is] [nsf is | 


- 50ns Product : Output Loading(Cv)=50pF, Vec=5V + 5% | 


a 


ELECTRONICS 


KM416C254B/BL/BLL CMOS DRAM 
AC CHARACTERISTICS (0°C<Tas70°C, Vcc=5.0V+10%. See notes 1,2) 


Parameter 


|Datasetuptime Stns S| Ct 


Data hold time 


~ echarge 
CAS precharge time(C-B-A countertestovclelicpr | 2o{ | 2o/ | a5| [ns] _| 
[Hyperpagecycietime tp, | zo| | aa] | ao | ns fre 


RAs pulse wid per page g Rasp _| 0 

RAS hold time from CAS precharge tance | so] | a5] | aol __—it 
ees 

OE to data dela’ 


| Out put buffertum offdelayfomOE ror | 3| i3| 3] 151 
ae = 


OE command hold time 13 


JJ 

i) 

—_ 

io) 

— 

wan 
—_ 
an 


O) 
(>) 


Output buffer turn off delay from W 
W to data dela 
OE to CAS hold time 


‘> ‘S ue ) C ) 
we 


CAS hold time (LL-ver) 


*- 50ns Product : Output Loading(Ct)=50pF, Vec=5V + 5% 


Prin sung 
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KM416C254B/BL/BLL CMOS DRAM 


NOTES 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vixn(min) and ViL(max) are assumed to be 5ns for all inputs except tHPC and tHPRWC 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. tAR, tWCR, tDHR are referenced to tRAD(max). 

7. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 

8. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2 tWCS(min) the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), tRWD2 tRWD(min) 
and tAWD= tAWD(min), then the cycle is a read-write cycle and the data output will contain the data read 
from the selected address. If neither of the above conditions are satisfied, the condition of the data out is 
indeterminate. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 
in read-write cycles. 

11. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

12. tASC 2 tCPmin, Assume tT = 2.0 ns 

13. 512 cycle of burst refresh must be executed within 8ms before and after self refresh, in order to meet 
refresh specification.(LL-ver.) 

14. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high 
going. If CAS goes high before RAS high going, the open circuit condition of the output is achieved by 
RAS high going. 

15. tASC, tCAH are referenced to the earlier CAS falling edge. 

16. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

17. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 


<> 
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KM416C254B/BL/BLL CMOS DRAM 


18. tCWL is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


UCAS 


S55 525252 
ADD. SRK 


19. tCSR is referenced to earlier CAS falling low before RAS transition low. 
20. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


tCSR 
tCHR 


21. tDS, tDH is independently specified for lower byte Din(1~8), upper byte Din(9~16). 


CCAS 


DS 


DQ1~ 0505 0.050°050°054 CEECCECECECECCEO SCC CCECCECOCSCCE COCCI OET. 
TERE pin i OO OLOLOL0.0-0-0:0°01 0.0.00 OOLO WOOO OO OOW OOOO OLARO OOOO: 
DQR — Zxeeeorsrerero7h PRR RK KKK KKK RK 


tDS} |tDH 


S792 vera 


xX QOOOOOOOO 
wereretetetatetateteteteteteteteteteteteterererererereren 


Bx 


DQ 9~ OO OOOOVOOOOOOOOOODA CECE OOS 
SIRO] 


O 
SEKI 
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ELECTRONICS 


KM416V254B/BL/BLL CMOS DRAM 


256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


* Performance range: The Samsung KM416V254B/BL/BLL is a CMOS high 
speed 262,144 bit x 16 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 

‘such as minicomputers, graphics and high performance 
portable computers. 

The KM416V254B/BL/BLL features EDO Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capability 
provides on-chip auto refresh as an alternative to RAS-only 
refresh. All inputs and outputs are fully TTL compatible. 

The KM416V254B/BL/BLL is fabricated using Samsung's 
advanced CMOS process. 


KM416V254B/BL/BLL-6 


KM416V254B/BL/BLL-7| 70ns 1430ns| 29ns _ 


KM416V254B/BL/BLL-8| 80ns| 


¢ Fast Page Mode with Extended Data Out 
¢ Byte word Read/Write operation 
¢ CAS-before-RAS refresh capability 
¢ RAS-only and Hidden refresh capability 
¢ Self Refresh operation(LL-ver) 
¢ TTL compatible inputs and outputs 
¢ Early Write or output enable controlled write 
¢ Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 512 cycle/8ms (Normal) 
- 512 cycle/64ms (L-ver) 
- 512 cycle/128ms (LL-ver) 
¢ Power Dissipation 
- Standby : 5.5 mW (Normal) 
1.1 mW (L-ver) 
0.83 mW (LL-ver) 
- Active(60/70/80) : 495/440/413 mw 
¢ JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Counter Memory Array Upper 


262,144 x 16 Data in 


Buffer 
-»| Row Address Buffer Cells 


Upper 
Data out 


Col. Address Buffer -»; Column Decode! Buffer 


SAMSUNG ELECTRONIC CO.,LTD. reserves the right to change 
products and specifications without notice. 
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KM416V254B/BL/BLL 


PIN CONFIGURATION (Top Views) 


CMOS DRAM 


¢ KM416V254BJ/BLJ/BLLJ ¢ KM416V254BT/BLT/BLLT ¢ KM416V254BTR/BLTR/BLLTR 
Vss 14 40 VDD 
DQ16 1-439 DQ1 
DQ15 1438 DQ2 
DQ14 1437 DQ3 
DQ13@4136 DQ4 
Vss 1435 VDD 
DQ12 1434 DQ5 
Da11 ©4433 DQ6 
DQ10 1432 DQ7 
pag 1431 Das 
N.C 1430 N.C 
[CAS N.C 
UCAS 130 W 
OF (427 RAS 
Ag 14126 150 N.C 
A7 (425 16-0 AO 
Ae 1424 170 Al 
A5 ©4123 18 A2 
A4 19-4 A3 
Vss 421 20 VDD 
7 o 
60 


preecnad 


ELECTRONICS 


KM416V254B/BL/BLL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


a 
a eT oe Ce a ee 
| Storage Temperature | Sty =| 85 tov150 | °C _i'”| 

po fw 


Power Dissipation 


Short Circuit Output Current ee ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Parameter [| Symbor [win [ We | wax [ont 
Suppyvotge [ves [a0 [aa [a Pv 
Cpu righ Vowage [vw evo 
[npwttowvotage [va [os os 


< 


it 
ce 


< 


< 


KM416V254B Truth Table 


cas | w | oe | corse | oov-ooe | sme 
se 


= 


x< 


H 
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KM416V254B/BL/BLL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


[__ oneness 


OPERATING CURRENT* KM416V254B/BL/BLL-6 


; KM416V254B/BL/BLL-7 
(RAS and CAS cycling @tRC=min.) KM416V254B/BL/BLL-8 


STANDBY CURRENT KM416V254B mA 

(RAS=UCAS=LCAS=WE=vVi ) KM416V254BL Icc2 mA 

KM416V254BLL 1) mA 

RAS-ONLY REFRESH CURRENT* KM416V254B/BL/BLL-6 
(UCAS=LCAS=Vin, RAS cycling @tRC=min.) 


ppt eee 
HYPER PAGE MODE CURRENT* 
(RAS=Vit, UCAS or LCAS,Address cycling 


KM41 6V254B/BL/BLL- 6 
KM416V254B/BL/BLL-7 
KM416V254B/BL/BLL-8 


STANDBY CURRENT KM416V254B 
(RAS=UCAS=LCAS=W=Vo0-0.2V) KM416V254BL lccs 100| pA 
seco re KM416V254BLL 100] pA 


KM416V254B/BL/BLL-6 90} mA 
KM416V254B/BL/BLL-7| Icce 80| mA 
KM416V254B/BL/BLL-8 75} mA 


— “|| ; 
W = OE = AO ~ A8 = Vop-0.2V or 0.2V 


KM416V254BLL Iccs pA 
DQ1~16 = Vpb-0.2V, 0.2V or OPEN 


INPUT LEAKAGE CURRENT (Any input 0<Vin<sVDD+0.3V In) WA 
all other pins not under test=0 volts.) 

OUTPUT LEAKAGE CURRENT 10 

(Data out is disabled, OV<VoutsVDD) ow) pA 
OUTPUT HIGH VOLTAGE LEVEL (loH=-2mA) | vow | 24] - | ov | 
OUTPUT LOW VOLTAGE LEVEL(lot= 2mA) Pvo | - | oa} V | 


* NOTE : Icc1, Iccs, lcca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In lcci and Iccs, 
address can be changed maximum two times while RAS=Vit. In Icc4, address can be 
changed maximum once within one Hyper page cycle. 


CAS-BEFORE-RAS REFRESH CURRENT* 
(RAS, UCAS or LCAS cycling @tRC=min.) 


Battery Back Up Current 
Average Power Supply Current, 

Battery Back Up Mode 

Input High Voltage (Vin)=Vob-0.2V 

Input Low Voltage (ViL)=0.2V 

CAS = 0.2V 

DQ =Don't Care 

Trc =125 uS(L-ver), TRas =Tras min.~300 nS 


Self Refresh Current 
RAS = CAS =0.2V 


<= 


ELECTRONICS 


KM416V254B/BL/BLL CMOS DRAM 


CAPACITANCE (Ta=25°C, VDD=3.3V, f=1MHz) 


Input capacitance [AO - A8 


input capacitance [RAS, UCAS, LCAS, W, OE} 
Output Capacitance [DQ1 - DQ16] Coa 


AC CHARACTERISTICS (0°CsTas70°C, Vop=3.3V+0.3V, See notes 1,2) 
Test Condition : Vin/Vi_= 2.1V/0.8V, VoH/Vot = 2.0V/0.8V, Output Loading CL= 100pF 


Parameter 


Rendonreadorwitoceime fimo | vol | wo] | of | =| | 
Read-modiy-wrtecyciotime __[rawG | ves] | ves} | ee] [|_| 
Access tine fom RAS ‘nag |_| eo] | 7] | eo] [oat 
Access time from CaS ‘trac | | 7) | eo] | 20] m8 [aes | 
Access time rom column address fa | | ao] | a5] | aol ™* [ans | 
TAS tocutputiniowz __—iwz taf} 3s, | 3] | ™|3__ 
Eto ouputiniowz oz} af | s{ | 3] | ™|s 
Ouiput butter tunoff doy tomas _[tcez | _a[ ws] 3] ao] 3] ao [7 _ 


Transition time (rise andfal) tt | 2] 50] 2 | sof 2 |] ms [2 
RAS prechargetime Ste =| ao] ToT eos TT 
aS gue __ftnas 1_s0 4 10900} 72. sono). tong} = | 
RAS holdtime St ts | tz] | 20 | Tos | 
CASholdtime Ss tc | so] | | Tos 


TAS pulsewidth Ss tos | 10 | 10,000] 15 | 10,000] 20 | 10,000] ns | 12 _| 

RAS toCASdelaytime Ss tnco | 20 | a5] 20 | sol 20 | col ms tg 

RAS tocolumn address delaytime [trad | _15 | a0] 5 | a5] 15 | aol_ns [tt 

CAS toRAS prechargetime _—=ssftcrnp_ | os | | S| TT sO 
ae 2 a) 


Row address set-up time 


Row address hold time 


rs a ee fi 
pt ts | os | 
WaitecommandtoTAS loadtime rome | ts] | ts] os fre 
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KM416V254B/BL/BLL CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, Vov=3.3V+0.3V, See notes 1,2) 


Sa cere 


Datasetuptime ss sits S| Co | | CCT | ns Ha 
Dataholdtime S| ts | ts | ts | ns hoon 
ldataholdtime referencedtoRAS ss tDHR =| ~50| ~~ | ss | | _6o | | nsio 
Refresh period(Normmal) REF | | st S| St ST ms 
Refresh period(L-ver) Sst | | oa} S| Sa] S| Sms | 
Refreshperiod(Li-ver) Sst | | se] | tae] || ms! 
Write command set-uptime _—s——stwes_ | oo] =| o | | of | nsJe 
CAStoWdelaytime Ss stcwo | 2] | so | | co | | ns Jats 
RAStoWdelaytime =» stwD | a5 | | os | | tos | | ns |p 
ColumnaddresstoWdelaytime _—=——s awd | ss] | 60 | ~~ | es | | ns | 
CAS precharge toWdelaytime _—=s——sitcpwo |_6o| —s|_os | | zo | | ns | 
CAS set-up time (CAS-before-RAS refresh) |tcsh_ | 10] | 10 | | 10 | | ns |ig 
TAS hold time (CAS-betore-BAS refresh) _ltcuR_ | 10| | 10 | | 10 | | ns lao 
RAS toTAS prechargetime __—Ss——sitmPc_ =| os] | os | CL Cs | | ns | 
TAS precharge time(C-B-Rcountertestoycle)tcpetT | 20/ | 25 | | 30 | | ns 
[Access time form TAS precharge _—=stcPA | _—s|_ as] S| Sao} =| |_ ns [3 
Hage fugu gzeg bus ___fs—_ a_i ad 

Hyper page read-modify-write cycletime _tupRwe|_7e| _—s|_ar | | a | it ns | 

ee ee i el 

RAS pulse width (Hyper Page cyle) __—itrasp_| 60 | 100k|_7o | 100k] 80 | 100K} _ns_ 

RAS holdtime from TAS precharge _—Stncp | 35} | 40 | | as | ns 

OE access time tOEA ee eee ee eee ee 

OE to data dela 
O 


OE command hold time 


te” . 
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KM416V254B/BL/BLL CMOS DRAM 


NOTES 
1. An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
_ device operation is achieved. 

2. Vin(min) and Vii(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) are assumed to be 5ns for all inputs except tHPC and tH#PRWC ~ 

3. Measured with a load equivalent to 1 TTL loads and 100pF. : 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. tAR, tWCR, tDHR are referenced to tRAD(max). 

7. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 

8. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2 tWCS(min) the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tCWD>tCWD(min), tRWD> tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-write cycle and the data output will contain the data read 
from the selected address. If neither of the above conditions are satisfied, the condition of the data out is 
indeterminate. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 
in read-write cycles. 

11. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

12. tASC 2 tCPmin, Assume tT = 2.0 ns 

13. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high 
going. If CAS goes high before RAS high going, the open circuit condition of the output is achieved by 
RAS high going. 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. 512 cycle of burst refresh must be executed within 8ms before and after self refresh, in order to meet 
refresh specification.(LL-ver.) . 
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KM416V254B/BL/BLL CMOS DRAM 


18. tCWL is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


OOOOOOOV 
ADD. SSS 


19. tCSR is referenced to earlier CAS falling low before RAS transition low. 
20. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 


tCS 
tCHR 


21. tDS, tDH is independently specified for lower byte Din(1~8), upper byte Din(9~16). 


LCAS 


DQ1~ SXXBSSSooen T Din } $5525 2525052505000 09005 
OS 0.9%, 9.9.5 


a%e%e"e"e"e"e"o"e"o"e"“'"""o"""o"ererT“s 
Y S555 OP POPS? 882505052 +, 


SRS SRR RK RRR KKK KRG 


tDS|tDH 
DQ9~ <5 se etatatetetetatetatetetetetetetete: r Din | Oh te ge MeMeMeteteleteieteteiet seis isiiisi Sees 


pais SSK I RSH KK 
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KM44C4004A/AL/ALL/ASL 
KM44C4104A/AL/ALL/ASL CMOS DRAM 


4M x 4 Bit CMOS Dynamic RAM with Extended Data Out 
FEATURES | GENERAL DESCRIPTION 


« Performance range: 


ee 
KM44C40(1)04A/AL/ALL/ASL-5| 50ns| 
KM44C40(1)04A/AL/ALL/ASL-6| 60ns| 


KM44C40(1)04A/AL/ALL/ASL-7 


KM44C40(1)04A/AL/ALL/ASL-8| 80ns[20ns |150ns} 34ns 


* KM44C4004A/AL/ALL/ASL(4K Product) 
* KM44C4104A/AL/ALL/ASL(2K Product) 


The Samsung KM44C40(1)04A/AL/ALL/ASL is a CMOS 
high speed 4,194,304 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and minicomputers, 
graphics and high performance portable computers. 

The KM44C40(1)04A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
; refresh capability provides on-chip auto refresh as an 
* Fast Page Mode with Extended data out alternative to RAS-only refresh. All inputs and outputs are 
* Self Refresh Operation(LL-Ver. only) fully TTL compatible. - 


* CAS-before-RAS refresh capability — The KM44C40(1)04A/AL/ALL/ASL is fabricated using 
* RAS-only and Hidden refresh capability Samsung's advanced CMOS process. 

* Fast parallel test mode capability 

* TTL compatible inputs and outputs 

* Early Write or output enable controlled write 


* Single +5V+10% power supply ADDRESS 


¢ 4096 cycle/64ms refresh(normal DRAM) 
+ 4096 cycle/128ms refresh(Low power & self ref.) ADD ~2te9- | KM44C4004A(4K) | KM44C4104A(2K) 
* 4096 cycle/256ms refresh(Super low power) Row Add. AO - A11 AO - A10 

Col. Add. AQ - AQ 


tHPC 
20ns 
24ns 


ane 200s 
sas one 
eons [0s 


* 2048 cycle/32ms refresh(normal DRAM) 

* 2048 cycle/128ms refresh(Low power & self ref.) 
* 2048 cycle/256ms refresh(Super low power) 

¢ JEDEC Standard pinout 

* Available in Plastic SOJ and TSOP( i!) 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
Control Vcc 
CAS Clocks Vss 
w 


Refresh Timer 
a 


[Row Address Buffer 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 


Data in 
Buffer 


Data out 
Buffer 


& lO 


DQi 
to 
DQ4 


Memory Array | 8 

4,194,304x 4 = B 
i 

» 


Cells 


Sens 


Row Add. 


Col. Add. OE 
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KM44C4004A/AL/ALL/ASL 
KM44C4104A/AL/ALL/ASL 


¢ KM44C40(1)04AJU/ALJ/ALLJ/ASLJ 


* Note : ( ) --> 2K Product 


/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS 


© KM44C40(1)04AT/ALT/ALLT/ASLT 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM44C40(1)04ATR/ALTR/ALLTR/ASLTR 
/ASR/ALSR/ALLSR/ASLSR 


J: 400MIL 
K: 300MIL 


T: 400MIL(Forward) 
S: 300MIL(Forward) 


| Pin Name | Pin Function 
LAQ-A11_ 


ggre ale 4K Frog 


Address Inputs(2K Prod 
Data In/Out 

Ground 

[RAS Row Address Strobe 
Column Address Strobe 
iw Read/Write Input 

Vv 


Data Outputs Enable 


JOE 
}Vcc |. Power(+5V) 


Cc 


TR: 400MIL(Reverse) 
SR: 300MIL(Reverse) 


S 
Cc 


esa 
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KM44C4004A/AL/ALL/ASL 
KM44C4104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


es ee 
Vcc 


Voltage on any pin relative to Vss -1 to +7.0 
Voltage on Vcc supply relative to Vss fh ee | -1 to +7.0 


| Units | 

| 

| Voltage on Voc supply relative to Vss_ 
FO 
[Short Circuit Output Current | tos, | 80 | mA 
* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 


this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Short Circuit Output Current 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[—Perametor | Symbot [win [typ | Wow [ont 
Supe votage [ve [as | se | ss | v 
Ce 
[npavignvorawe [ve | ee | | ven | v 
mpettowvetegs | vw | so | - | o | v | 


<j< |< ][< 


<> 
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KM44C4004A/AL/ALL/ASL 
KM44C4104A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


[Parameter 0 ___fsymta| atin | toe lui 


KM44C40(1)04A/AL/ALL/ASL-5 
OPERATING CURRENT* 


KM44C40(1)04A/AL/ALL/ASL-6 
(RAS and CAS cycling @tRC=min.) Spa RA HO ateal Sead 


KM44C40(1)04A 
KM44C40(1)04AL 
KM44C40(1)04ALL 


STANDBY CURRENT 
(RAS=CAS=W=Vu ) 


KM44C40(1)04A/AL/ALL/ASL-5 

KM44C40(1)04A/AL/ALL/ASL-6 

KM44C40(1)04A/AL/ALL/ASL-7 
1)04A/AL/ALU/A 


RAS-ONLY REFRESH CURRENT* 
(CAS=Vin, RAS cycling @tRC=min.) 


KM44C40(1)04A/AL/ALL/ASL-5 130(140) 
EDO MODE CURRENT* KM44C40(1)04A/AL/ALL/ASL-6 110(120) 
(RAS=Vit, CAS Address cycling @tHPC=min.)] KM44C40(1)04A/AL/ALL/ASL-7 95(105) 
KM44C40(1)04A/AL/ALL/ASL-8 80(90) 


KM44C40(1)04A 
KM44C40(1)04AL 

KM44C40(1)04ALL 
KM44C40(1)04ASL 


KM44C40(1)04A/AL/ALL/ASL-5 90(110) 
KM44C40(1)04A/AL/ALL/ASL-6 80(100) 
KM44C40(1)04A/AL/ALL/ASL-7 70(90) 
KM44C40(1)04A/AL/ALL/ASL-8 


STANDBY CURRENT 
(RAS=CAS=W=Vcc-0.2V) 


CAS-BEFORE-RAS REFRESH CURRENT* 
(RAS and CAS cycling @tRC=min.) 


Battery back-up current 
Average power supply current 

Battery back-up mode 

Input high voltage(ViH)=Vcc-0.2V 

Input low voltage(ViL)=0.2V 
CAS=CAS-before-RAS cycling or 0.2V 
DQ1-DQ4 = Don't care 

tRC(4K/2K)= 31.25/62.5us(L-ver), 
62.5/125ys(SL-ver) 
tRAS=tRASmin~300 ns 
Self refresh current 
RAS=CAS=0.2V 
W=OE=A0 ~ A11(A10) = Vcc-0.2V_ or 0.2V 
DQ1 ~ DQ4= Vcc-0.2V, 0.2V or open 


INPUT LEAKAGE CURRENT (Any input 0<VinsVcc+0.5V 
all other pins not under test=0 volts.) 
OUTPUT LEAKAGE CURRENT 


(Data out is disabled, OV<VouT<Vcc) 
OUTPUT HIGH VOLTAGE LEVEL(loH=-5mA) 


OUTPUT LOW VOLTAGE LEVEL(loL=4.2mA) 


*NOTE :  Icct, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 and Iccs, 
address can be changed maximum once while RAS=Vi. In Icca, address can be changed 
maximum once within one Hyper page cycle. 


KM44C40(1)04AL 
KM44C40(1)04ASL 


KM44C40(1)04ALL 


omen 
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KM44C4004A/AL/ALL/ASL | 
KM44C4104A/AL/ALL/ASL CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=5V, f=1MHz) 


Parameter | symbol | Min | Max | Unit 
Input capacitance [AO - A11(A10 a es ee 


Input capacitance [RAS, CAS, W, OE] Cine 


Output Capacitance [DQ1 - DQ4] | Co 


AC CHARACTERISTICS (0°CsTas<70°C, Vcc=5.0V410% See notes 1,2) 
Test condition: Vin/Vil =2.4/0.8V, Voh/Voi =2.0/0.8V, output loading CL=100 pF 


sees a wf noe 


Random read or write cycletime tre | go} [110 | 130 | | so] [rs | 
Readmodiywrtecyoetime ____[rnwe| raat [es | [es | | ast [=| 
fAccesstimefromRAS ————SSSS=«d RAC ||| eo|_—*| 7 | 60] "8 |aaar] 
Accesstimefromtas tcc | | ta} |] | 20] | 20 ns [3.4.5 | 
acess tne tom courmadsess [wa _[ [asl oof [aa ao fat | 
EAS toouptintowz soz | af | s{ {=| || [=|s__ 
Eto ouputintowz ————~izeoz |_af | 3] | s| | =| | |s 

[Output butlertunvotf delay fromtas _|rcez | a} taf 9 | 15| 9 | 20] 8| 20| 8 |7.t6 | 
Frenstion time (ise andtel) |_| 2] sol 2 | sol 2 | sof 2| so|rs|2 
ce a [rs | 
RAS pulsewidth St tS | 50| 10K] 60 | 10] 70 | tox] 80| rok] ns | 
RAS hold time 
CAS hold time licsH | ze] [45 | [50 | [eo] [ns] 
CAS pulsewidth Sst tas | | toxl 10 | 10k] 15 | 10k] 20| tox} ns [16 __| 
RAS toCASdelavtime Sst top | pol 37] 20 | 45] 20 | 50 20{ colrs|4 
RAS tocolumnaddressdelaytime __—(|trad |_15| 25 is | 30] 15 | 35] 15] 40] ns [11 _| 
CAS to RAS prechargetime ss ftcrp- | s/ | 5 | | 5s | | s{|  [rs| | 
IRowaddresssetuptime == sttasR | of ~t o | ht lo | UT of ns | 
Row address hold time 
Column address set-up time 


a Ee ae 
Column addressholdtime = tcan |_| = fio | 5 ||| ins | 
[Column address hold time referencedtoRAStAR | 4o| | 45 | | 55 | | eo] [ns |e 


Column address to RAS lead time 
Read command set-up time tRCS 


[Read command setup time ___| 
eee ee ee 
|Read command hold time referencedtoRAS|tRAH | o| | o | 


¢ 

Write command hold time_ tWCH 0 
Write command hold time referenced to RAS| tWCR lan 

¢ 


Write command pulse width twP 
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KM44C4004A/AL/ALL/ASL 
KM44C4104A/AL/ALL/ASL 3 CMOS DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10% See notes 1,2) 
ition: Vin/Vii = ading C.=100 pF 


1 1=2.0/0.8V 


— ie ai i a 
a 


Data hold time 


oO 
x 
Ei 
— 
oO 
— 
Oo 


Refresh period{[Normal(2K)] 
Refresh period(L-ver' 
Refresh period(SL-ver 

-up time 


ee 

| | zat | teat  iaef ef ms] 
| | asc} | ase] | 56] | ase] _ms| 
Fi orem a 


2. iw) 
ae eR IE] . ie 
oO 2 © o 
S le rf 4 - 
3} = Q Q 
3 : 9° 
Oo | 3 - Q. 
» |3 oO zs — 
roy = 3 [o} 
= lo Q o 3 
= |2 a : 
at 3 < 
® < 
2 1 
3 Xo 
cal 
o 
(oe) 
< 
< 
[o) 
= 
fo} 
6 lzla lslalele 
Slo im |mim 
ola | |nin 


| aol | 50 | 
RAS toWdelaytime tao | 7a} | a5| too | sto] ns [8 
Column addresstoWdelaytime _—tawo_ | asi | s5{ | os | | ol | ns |_| 
CAS precharge toWdelaytime _——tcpwo | sa|_—| co} | off zs] ns | 
ICAS set-up time (CAS-before-RAS refresh) |tcsR_| rol | 1o| | ol | to] ns | 
CAS hold time (CAS-before-RAS refresh) [tcHR_ | 10] | 1o| st is | | ts] ns | 
RAS to CAS prechargetime = strpo =| os] | | Ts | | | ns | 
CAS precharae time(C-B-HcountertestcycleltcpT__| pol | 2of | sol _| sol [ns] 
HyperPagecyoletime tp pol | oa] ao | gat ns [7 
Hyper Page read-mad write e time PA G Lael et gs | | os sng Haz 
[CAS precharge time (Hyper Page cvole) icp | si | iof _| tof | wo] | ns| | 
[RAS pulse width (Hyper Page cycle) __|trasp_| s0| 200x| 60| 200K] 70 | 200x| 80 200K] ns |_| 
|aol | as| | aot as] ns | 
OE accesstime SHOE ee ee eee 
OE todatadelay ROD 


Out put buffe n off dela om 0} 


toca |_| 
toep | 1a 
toez | a 
OE commandholdtime = ftOEH | ya] 
twrs | tol 
rw | 10| 
tWRH 
DOH 
tREZ 
tWEZ 


a 


Write commend set-up time(Test mode in 


Write commend hold time(Test mode in) 
W to RAS precharge time(C-B-R refresh 
W to RAS hold time(C-B-R refresh 
OutD 


Output buffer turn off delay from RAS 


Output buffer turn off delay from W 


= 
._) 
= 
= 


W_ to daia dela 


twep | as} | as} | oo | to tn | 
2 , ee! eae 
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ELECTRONICS 


KM44C4004A/AL/ALL/ASL 
KM44C4104A/AL/ALL/ASL CMOS DRAM 


TEST MODE CYCLE 


Random read or write cycle time tRC 


(Note. 12) 


| 10,000|_75|_ 10,000] 85] 10,000] ns |_| 
CAS pulsewidth tas | 13 | 10,000] 15] 10,00 20] 10,000] 25| 10,000] ns |__| 
FRASholdtime ts ef | ao] st fos] ns | 
lcmSholdtime Sts fas] | sof ~~ s| ns | 
[Column address toRASleadtime _—|mar_| so] | as] | aol as] ins | 
[cAStoWdelavtime ss tcwo far] | as] ssl ss] ins Ia 
RAS 1oWdelavtime ss ttpwo [ze] | col to] fs] ns Ia 


Hsumuscuussaecusune vu ai} a ag} tia ta 


Hyper Page cycle time HtHpc [os| 29 


39 [ns | 
poi} trot} ins | 
[FAS pulse width (Hyper Page cycle) _| tRASP_| 55 |200,000|_65|200,000|_75|200,000| 85 |200,000] ns | 


Access time from CAS precharge l‘icpa_ | | 35) =| ao | Sas 3 
a 2 ee 


loEtodatadelay Ss ttoeD fie] | ao] ~~ tast Sis | 
[OE commandhoidtime toe te] | of | al fs] ins | 


TEST MODE DESCRIPTI ON 


The KM44C40(1)04A/AL/ALL/ASL is the CMOS DRAM organized 4,194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If upon reading, two bits on one I/O pin are equal (all "1" or 
"O"s) the I/O pin indicates a "1". If they were not equal, the i/O pin would indicate a "0". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx4 DRAM. Wand CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode”, . And "CAS before RAS Refresh Cycle" or "RAS Only Refresh Cycle" 
puts it back into "Normal Mode". In the Test Mode, "W and CAS before RAS Refresh Cycle" peforms the 
refresh operation with internal CBR refresh address counter. The "Test Mode" function reduces test time(1/4 in 
cases of N test pattern). 


(Sy) 
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ELECTRONICS 


KM44C4004A/AL/ALL/ASL 


1. 


14. 


15. 


16. 


17. 


KM44C4104A/AL/ALL/ASL CMOS DRAM 
NOTES 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vix(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vin(min) and ViL(max) are assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2>tRCD(max). . 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or Vo. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS> tWCS(min) the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), tRWD=> 
tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-write cycle and the data output will contain 
the data read from the selected address. If neither of the above conditions are satisfied, the condition of 
the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
10. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 


These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 

tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. !f CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

4096(2048) cycle of burst refresh must be executed within 64(32) ms before and after self refresh, in 
order to meet refresh specification. 

tASC 2tCPmin, Assume tT = 2.0 ns 
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ELECTRONICS 


KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL 


CMOS DRAM 


4M x 4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


TRACT CACT TRC HPC 
av A0()OAAAUALUASL [60a] 16ns|10ne] 2605, 


keavs.no4NALn.tnsi-7 | ns 20ns[1G0ne Zen | 
eweaveacno4nALaLast [e0ns|20ne 60ne| ns | 


* KM44V4004A/AL/ALL/ASL(4K Product) 

* KM44V4104A/AL/ALL/ASL(2K Product) 

e Fast Page Mode with Extended data out 

¢ Seif Refresh Operation(LL-Ver. only) 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden refresh capability 

¢ Fast parallel test mode capability 

¢ LVTTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

¢ Single +3.3V+0.3V power supply 

¢ 4096 cycle/64ms refresh(normal DRAM) 

* 4096 cycle/128ms refresh(Low power & self ref.) 
¢ 4096 cycle/256ms refresh(Super low power) 

* 2048 cycle/32ms refresh(normal DRAM) 

* 2048 cycle/128ms refresh(Low power & self ref.) 
* 2048 cycle/256ms refresh(Super low power) 

e JEDEC Standard pinout 

* Available in Plastic SOJ and TSOPi(II) 


GENERAL DESCRIPTION 


The Samsung KM44V40(1)04A/AL/ALL/ASL is a CMOS 
high speed 4,194,304 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and minicomputers, 
graphics and high performance portable computers. 

The KM44V40(1)04A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory Cells within the same row. CAS-before-RAS refresh. 
capability provides on-chip auto refresh as an alternative to 
RAS-only refresh. All inputs and outputs are fully TTL 
compatible. 

The KM44V40(1)04A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


ADDRESS 


ADD 22 | KM44v4004A(4K) | KM44V4104A(2K) 
Row Add.| _AO-A11 AO - A10 
Col. Add. | AO- Ag A0- A10 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer 
aa, 
Refresh Control 


Refresh Counter 
'~| Row Address Buffer 
Col. Address Buffer 


Row Add. 


Col. Add. 


VDD 
Vss 
VeB Generator 


Column Decode 


anal] 


Memory Array 
4,194,304x 4 
_ Cells 


Data out 
Buffer 


il Sense Am 


OE 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 


ibe!” 
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KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 
* Note : ( ) --> 2K Product 


* KM44V40(1)04AU/ALJ/ALLU/ASLJ * KM44V40(1)04AT/ALT/ALLT/ASLT * KM44V40(1)04ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR: 300MIL(Reverse) 


Data In/Out 
Ground 


Row Address Strobe 
Column Address Strobe 
Read/Write Input 

Data Outputs Enable 
Power(+3.3V) 

No Connection 


<=> 


ELECTRONICS 


KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss 
Voltage on Vop supply relative to Vss 
Storage Temperature 
Short Circuit Output Current | os =f 50m 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Paameier [Simba win | yp | wo [ nt 
Sipivorane | ve | ao | es |e» | v 
feona iT mY df oe fe | 
[nowtrion vorage | vm | 20 | - | voooalv 
[nputtow Votage | ve | 0a | - | 08 | v 


< |< |< jf< 
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ELECTRONICS 


KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL _CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


[Parameter By tn | tax ts 
V4 'AL/ALL/ASL-6 

OPERATING CURRENT* KM44V40(1)04A/, AS = ‘a0 

(RAS and CAS cycling @tRC=min.) é m : 


Supp ep eid ee hog Ceca 
. 
STANDBY CURRENT y uA 
Icc2 be 


(RAS-CAS=W-=Vin ) 
0 
RAS- LY REFRESH CURRENT* KM44V40(1)04A/AL/ALL/ASL-6 80(1 a 
CaS RAS cycling pee iebl ) KM44V40(1)04A/AL/ALL/ASL-7|_ Icc3 70(90 
Waits Z ; KM44V40(1)04A/AL/ALL/ASL-8 


_ KM44V40(1)04A/AL/ALL/ASL-6 100(125 an 
EDO MODE CURRENT 

2 _ | KM44V40(1)04A/AL/ALL/ASL-7|_ Icca 90(105) mA 
(RAS=Vit, CAS,Address cycling @tHPC=min.) KM44V/40(1)04A/AV/ALL/ASL-8 fe | =a aA 
KM44V40(1)04A mA 

Iccs 200 

200 

200 


KM44V40(1)04AL 

: : » |KM44V40(1)04A/AL/ALL/ASL-6 80(100)| mA 
CAS-BEFORE-RAS REFRESH CURRENT’ tii io a ASL + fice ||) mA 
yeing =e KM44V40(1)04A/AL/ALL/ASL-8 60(80)|_ mA 


KM44V40(1)04ALL 
Battery back-up current 
Average power supply current 
Battery back-up mode 
Input high voltage(Vin)=Vpp-0.2V 
Input low voltage(ViL)=0.2V 
CAS=CAS-before-RAS cycling or 0.2V 
DQ1 ~ DQ4 = Don't care 
tRC(4K/2K)= 31.25/62.51s(L-ver), 

62.5/125ys(SL-ver) 

tRAS=tRASmin~300 ns 
Self refresh current 
RAS=CAS=0.2V 
W=OE=A0 ~ A11(A10) = Vop-0.2V or 0.2V 
DQ1 ~ DQ4= Vpp-0.2V, 0.2V_or open 


INPUT LEAKAGE CURRENT (Any input O<Vin<Vpp+0.3V 
all other pins not under test=0 volts.) 


OUTPUT LEAKAGE CURRENT 
(Data out is disabled, OV<VouT<Vpp) 


OUTPUT HIGH VOLTAGE LEVEL (loH=-2mA) 
OUTPUT LOW VOLTAGE LEVEL(lot=2mA) 


KM44V40(1)04A 
KM44V40(1)04AL 

KM44V40(1)04ALL 
KM44V40(1)04ASL 


STANDBY CURRENT 
(RAS=CAS=W=Vop-0.2V) 


KM44V40(1)04AL 
KM44V40(1)04ASL 


KM44V40(1)04ALL 


Sone 


Tver [eal | VI 
De [= [esp 


*NOTE:  Icci, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 and Iccs, 
address can be changed maximum once while RAS=Vi. In Icca, address can be changed 
maximum once within one Hyper Page cycle. 
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ELECTRONICS 


KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL CMOS DRAM 


CAPACITANCE (Ta=25°C, Von=3.3V, f=1MHz) 


Input capacitance [AO - A11(A10 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQ1 - DQ4] Cpa 


AC CHARACTERISTICS (0°CsTas<70°C, Vop=3.3V+0.3V, See notes 1,2) 
Test condition : Vih/Vil = 2.0V/0.8V, Voh/Voi = 2.0V/0.8V, output loading CL = 100pF 


| Min | Max [Min | Max | Min | 

[180180] 

es a 

SS) ae ae eee 

ee a 

a He 

a a a EH 

Go SE 

: 

ransitontine (se anata) er | 2 | sof 2] so] 2 

RAS prechargetime ss RP | AO] | SO] || 
EAS holtime ese | «| | sof | | [~| 
- [CAS pulse wiath tcas_| 10] 10,000] 15 | 10,000] 20 | 10,000] ss |__| 

EAS toCAS dolayiine —_hnco | 2o| as[_20| sol a0] ool 5 [a 

RS to column auoressdeaytine __|iRad |_15 | ao] 15 | as] 15] ao] v= [or _| 


CAS toRAS prechargetime Store | 5] | S| Ts | 
Rowaddressset-uptime fas | of of of Tos 
Rowaddressholdtime stp | to} | tof | to | ns | 
Column address set-uptime asc | of =| of [| of {ns | 
Column address holdtime fica, | so] | is} tts | ns | 
{| ss} | cot ts [og 

ast fof ts | 

eS a ET Re 

ee es ee ee 

ae: (ee ee 

PT ts ns | 

| cof | inst | 

Write commandto TAS leadtime rom | of | 5] | ots 
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ELECTRONICS 


KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL CMOS DRAM. 


AC CHARACTERISTICS (0°C<Ts<70°C, Vov=3.3V+0.3V See notes 1,2) 


Parameter 


Datasetuptime ss tS | Cot S| | To sf t0_ | 

Dataholdtime Cd S| to] S| ts | | ts | ons t0_ | 

ldataholdtimereferencedto RAS OH | 45] | ss | | co | ns 

Refresh period [4k(2ky) = stREF | | ayaa] | ayaa) |_6432)|_ ms] __— 

Refresh period(Low power & selfrefresh) REF | | aaa] | tpg | tz] ms] 

[Refresh period(Superlowpower) _—=—IREF_—| ~—|_ 25 _—Ss| Sas =| 56] ms] 

Write commandsetuptime ____—iftwes {| of | of { of | ns{s_| 

cAStoWdelaytime Ss sSCstcwo | =o] S| Sco | S| Sc] os 

RAStoWdelaytime Ss ——SSSCstwO | a5] ~~] too | | tto| | nsf | 

ColumnaddresstoWdelaytime ss ftawo_| 55} S| os | | So] | ns 
_ [CAS set-up time (CAS-before-RAS refresh) _ltcsA__| 10 

CAS hold time (CAS-before-RAS refresh) _|tcHR__|__10| 

CAS precharge time(C-B-Rcountertest cyole)|tcpT_ | _20| __| 

sscmetueceraGabp ctu fasts 

per Page cycle time _. tHPC 


Hyper Page read-modify-write cycletime __|tHpRwc|__71j | as | | Ss | ns 

CAS precharge time (Hyper Page cycle) icp | tol =| tof | to | ns] 

esScdeih sm Tena _ has | ailuaccs rita} foal es 
| 4of | as | ns | 


OE access time tOEA 
[Out put butfertum off delay from0E _——itoez_ | 3} ts] 
[OE commandholdtime = ies 


O anid Od C tOEH 


| Write command set-up time (test mode in) __|twrs_| 10! 


mx 6 * 


ELECTRONICS 


KM44V4004A/AL/ALL/ASL 
KM44V4104A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, 2 3V+0.3V See notes 1,2) 


JOutput buffertum offdelayformRAS | tREZ_ | 3 | 15 | 3 | 20] 3 | 20 | ns [714,19 
[Output butfertum offdelayformmw_ | twez | 3 {15 | 3 | 2o| 3 | 20} ns | 7,14 
Wiodatadelay St tweD | ts | | ao || ao | ns | 
RAS pulsewidth (LL-Ver) | tRASS| 100 | | 100 | | 100 | us | 16 
RAS precharge time (Li-ver) st tRPS | 110 | | 130 | | iso | ns | 16 


casroaime tives ———+dcus [so] | sof | so] [nm] ‘6 


TEST MODE CYCLE (Note. 12) 


Parameter 


Rendon eadorwitogdeime re [rs |. 1s[ | ssf | m= | 
Read-nodity-writeoyietine ___jrrwo [veo | | 0] | 2o| | ns] | 
Accesstine from FAS—SSSCiC |||] nw a 
[AccesstimefromCAS (CCAS | $C Tons (3,4,5 | 
ascaeties Ger borane —— Naa |= ces) | ad fe = el vasa | 
FASpusewian ras | e5 | 10,000] 75 | 10000 a5 | 10,000] ne |_| 


feeS pase __feas i} nate | sel oe tga est 
RAS hold time 


tone aoniedee. lem eae ee 
CAS to W delay time rcwo | 45 | | ss | | ss | ns Jo 
[RAS toWdolaytime WO 3 en 
Goumotless i eeyt ___g | ik _ | 
HyperPagecycletime stp =| oo | | os | | co | Tn | 
[Hyper page read-modify-wrte cycletime _|tHPRwG_7e | | a1 | | tor | | ns |__| 
ree ene ony Spee earn anon ceed ce 
Access time form CAS precharge ica | | aot | ast Sd sol ns 
SE access tine _______}0EA_}_—_1_ao}____ag__1_zal_os |_| 
DE toda doy foro Pao | [ae | ae 
eer 


TEST MODE DESCRIPTI ON 


The KM44V40(1)04A/AL/ALL/ASL is the CMOS DRAM organized 4,194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If upon reading, two bits on one I/O pin are equal (all "1" or 
"O"s) the I/O pin indicates a "1". If they were not equal, the I/O pin would indicate a "0". In "Test Mode", the 

- 4Mx4 DRAM can be tested as if it were a 1Mx4 DRAM. Wand CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", . And "CAS before RAS Refresh Cycle" or "RAS Only Refresh Cycle" 
puts it back into "Norma! Mode". In the Test Mode, "W and CAS before RAS Refresh Cycle" peforms the 
refresh operation with internal CBR refresh address counter. The "Test Mode" function reduces test time(1/4 in 
cases of N test pattern). 


ELECTRONICS 


KM44V4004A/AL/ALL/ASL 


KM44V4104A/AL/ALL/ASL CMOS DRAM 
NOTES 


1B 


14. 


15. 


16. 


17. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vix(min) and Vi(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vix(min) and Vi.(max) are assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 


. Measured with a load equivalent to 1 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD>= tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or Vo. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS> tWCS(min) the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), tRWD> 
tRWD(min) and tAWD> tAWD(min), then the cycle is a read-write cycle and the data output will contain 
the data read from the selected address. If neither of the above conditions are satisfied, the condition of 
the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 


These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 

tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

4096(2048) cycle of burst refresh must be executed within 64(32) ms before and after self refresh, in 
order to meet refresh specification. 

tASC 2tCPmin, Assume tT = 2.0 ns 


'? 
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ELECTRONICS 


KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL CMOS DRAM 


2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


¢ Performance range: 
ae (7 
KM48C20(1)04A/AL/ALL/ASL-5 143ns| 90ns| 20ns | 
2 


The Samsung KM48C20(1)04A/AL/ALL/ASL is a CMOS 
high speed 2,097,152 x 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and minicomputers, 
graphics and high performance portable computers. 

The KM48C20(1)04A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
; refresh capability provides on-chip auto refresh as an 
* Fast Page Mode with Extended data out alternative to RAS-only refresh. All inputs and outputs are 
¢ Self Refresh Operation(LL-Ver. only) fully TTL compatible. 

*CAS-before-RAS refresh capability — The KM48C20(1)04A/AL/ALL/ASL is fabricated using 
¢ RAS-only and Hidden refresh capability Samsung's advanced CMOS process. 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

¢ Single +5V+10% power supply ADDRESS 


¢ 4096 cycle/64ms refresh(normal DRAM) 
¢ 4096 cycle/128ms refresh(Low power & self ref.) ADD Led Brod. | KM48C2004A(4K) | KM48C2104A(2k) 
* 4096 cycle/256ms refresh(Super low power) Row Add. AO - A11 AO - A10 

Col. Add. AO - A8& AO - AQ 


¢ 2048 cycle/32ms refresh(normal DRAM) 

* 2048 cycle/128ms refresh(Low power & self ref.) 
* 2048 cycle/256ms refresh(Super low power) 

¢ JEDEC Standard pinout 

¢ Available in Plastic SOJ and TSOP(II) 


| S0ns 
KM48C20(1)04A/ALALLIASL-@ 60ns| 16ng|110ns| 24ns | 


e 
KM48C20(1)04A/AL/ALL/ASL7| 7Ons{20ns |130n9 26ns | 
[KM48C20(1)04A/AL/ALL/ASL.€| 80ns}20ns [150ng 34ns | 


* KM48C2004A/AL/ALL/ASL(4K Product) 
* KM48C2104A/AL/ALL/ASL (2K Product) 


FUNCTIONAL BLOCK DIAGRAM 


Control Vcc 
Clocks Vss 


Refresh Timer 
Pee oY 
Refresh Control 
Refresh Counter 
>! Row Address Buffer 
Col. Address Buffer Column Decode 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 


DQi 
to 
DQ8 


Memory Array 
2,097,152 x 8 
Cells 


Row Add. 


Col. Add. OE 
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KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL | CMOS DRAM 


PIN CONFIGURATION (Top Views) 
* Note : ( ) --> 2K Product 


° KM48C20(1 JO4AJ/ALJ/ALLJ/ASLJ © KM48C20(1)04AT/ALT/ALLT/ASLT ¢ KM48C20(1)04ATR/ALTR/ALLTR/ASLTR 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Address Inp K Prod 
Data In/Out 


Dai -8 


[Vss_ | 

RAS Row Address Strobe 
[CAS | Column Address Strobe 
|W | Read/Write Input 
[OE | Data OutputsEnable 
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KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbor [ating [Unite 


Short Circuit Output Current | tos Sf 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Parameter | Symbei_[ win | yp] mex | ont 
Sumivetave | ve | «s [ so | s5 |v 
CC 
[nowt ron vonage | vw | ee | - | ves | _v 
[rsittow vonage [ve [| ao | - | os |v 


<|<i]<]< 


<> 


ELECTRONICS 


KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


| Parameter Symbol in | Max units | 


KM48C20(1)04A/AL/ALL/ASL-5 mA 

OPERATING CURRENT* KM48C20(1)04A/AL/ALL/ASL-6 
(RAS and CAS cycling @tRC=min.) KM48C20(1)04A/AL/ALL/ASL-7 
¢ D4 A/A 2 s 8 


9 
A8 a 
rs AA a im 


; KM48C20(1)04A 
STANDBY CURRENT KM48C20(1)04AL 
(RAS=CAS=W=Vii ) KM48C20(1)04ALL 


KM48C20(1)04A/AL/ALL/ASL-5 

RAS-ONLY REFRESH CURRENT* KM48C20(1)04A/AL/ALL/ASL-6 

(CAS=Vin, RAS cycling @tRC=min.) KM48C20(1)04A/AL/ALL/ASL-7 
M48C20(1)04A/AL/ALL/AS 


KM48C20(1)04A/AL/ALL/ASL-5 
EDO MODE CURRENT* KM48C20(1)04A/AL/ALL/ASL-6 
(RAS=ViL, CAS,Address cycling @tHPC=min.)} KM48C20(1)04A/AL/ALL/ASL-7 
KM48C20(1)04A/AL/ALL/ASL-8 
KM48C20(1)04A 
STANDBY CURRENT KM48C20(1)04AL 
(RAS=CAS=W=Vec-0.2V) KM48C20(1)04ALL 
KM48C20(1)04ASL 
KM48C20(1)04A/AL/ALL/ASL-5 90(110) 
CAS-BEFORE-RAS REFRESH CURRENT* | km4gc20(1)04A/AL/ALL/ASL-6 80(100) 
(RAS and CAS cycling @tRC=min.) KM48C20(1)04A/AL/ALL/ASL-7 70(90) 
KM48C20(1)04A/AL/ALL/ASL-8 60(80) 


Battery back-up current 
Average power supply current 
Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V KM48C20(1)04AL 
Input low voltage(ViL)=0.2V KM48C20(1)04ASL 
CAS=CAS-before-RAS cycling or 0.2V 
DQ1 ~ DQ8 = Don't care 
tRC(4K/2K)= 31.25/62.5us(L-ver), 

62.5/125us(SL-ver) 
tRAS=tRASmin~300 ns 
Self refresh current 
RAS=CAS=0.2V 
W=0E=A0 ~ A11(A10) = Vcc-0.2V_ or 0.2V 
DQ1 ~ DQ8= Vcc-0.2V, 0.2V or open 


OUTPUT LOW VOLTAGE LEVEL (lot=4.2mA) 


*NOTE :  Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icci and Iccs, 
address can be changed maximum once while RAS=ViL. In Icca, address can be changed 
maximum once within one Hyper page cycle. ‘ 


ELECTRONICS 


KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL | CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc=5V, f=1MHz) 


| Parameter |S Symbol | Min. | Max | unit 
| input capacitance (AO-AIN(A1O) =~ | cw S| 
| Input capacitance (RAS, CAS,W,OE] | cw | | 7 |e 
| Output Capacitance (Da1-Das}_ | ooo | 


AC CHARACTERISTICS (0°C<Tas70°C, Vcc=5.0V+10% See notes 1,2) 
Test condition: Vin/Vil=2.4V/0.8V, Voh/Voi=2.0V/0.8V, output loading CL=100 pF 


| ame wa 


Random read orwitecycletime __frc_| aol fro | fv30 || 150] 

fete canis fewest foe tf] fot 
Access ime fomAAS [rac |_| so] | oo] | 70] | 00] 8 [aaa 
AccesstimetromtAS tcc | |e] | 5] ao] 20] hs | 3.4.5 | 
[Access time fromcolumnaddress | tA || 25] | ao], 4 ns | 3,19 
EAS toouputinuowz ——ijzt af _{s} .s{ | > (=| 3 
[CE tooutputintowz ss ftuz | ost ff 3 | TT 8 sts | 
[Output buffertumn-off delay fromCAS | tcez | 3] 131 3 | 15| 3 | 20] 3] 20] ns [7.14.19 
Tmtininete ain teat we ol ef ol 2 olf 
trp | sof [40 | {50 | | co] [ns _ 
ee emma) (Me OTe eee eT ee 
RAS holdtme Sst ts | ap] fis | 20 || ao} is | 
CASholdtime Ss tH | ce} fas | so || eo | ns] 
CAS pulsewidth Ss tas |g | tox] to | 10K] 15 | tok 20] tok] ns | 16 | 
RAS toCASdelaytime Sst | zo] a7| 20 | 45] 20 | sol 20] cojns| 4 | 
eS escunaaddeasae fina | og} aa} 8 | eagle 
CAS toRAS prechargetime = ftcnp_ | os] | 6 | | Ss | | 5} ns | 
onadduss stu tine —___ias{—of {a |_{_6 | __ a} __} re | 


Row address hold time tRAH 
Column address set-up time tASC 


Column address hold time referenced to R = 


Column address to RAS lead time 
Read command set-up time tRCS 


of [olf | 
[Read command hold time referencedtoTAS|tRCH | o| 
[Read command hold time referenced to HAS| tARH | 0 | awl 
Writecommandholdtime = tiwo | ao] = fo | is || is] ns | 
0) 
0 


Write command hold time referenced to RAS| tWCR 4p 


Write command pulse width 


law | 4 | es a Ce 
Pr ed Pe Ae Se 


<= é 
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KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL 7 CMOS DRAM 


on heletohrtacibarbnal ve ceaaiete! set a te ate no 1,2) 
ee i ee] 


Parameter 


Refresh period[Normal({2K)] 
Refresh period(L-ver 
Refresh period(SL-ver) 


= 
a 
® 
2 
fe) 
3 
3 
D 
3 
a 
7) 
2 
c 

es 


S15 |s 
3 B |S |B 
a 
3131/8 
alo bs 
aEesEee 
O}o 15 
= 
Q eo) 
@ 
@ 
= 
OQ 
oO 
Qa 
- 
[o} 


time 


AEE 
o 
5 
3 |S |o 
e | 2/3 
aiaja 
12 {2 
gi2e 
S13 |3 
s/o |o 
a 
oO 
rey) 
= 
® 
> 
3 
iw) 


precharge to W delay time | [ns || 
CAS set-up time (CAS-before-RAS refresh) [tcsR_| to] | tof | 1o| | 10] _[ns|__| 
RAS to CAS precharge time 
CAS precharge time(C-B-Fi counter test cycle\tCPT__|_20 | 
[Access time from CAS precharge | tCPA 
Hyper Page cyte na__{20_{_za. 
CAS precharge time (Hyper Page cycle) _|tcp__|_a| 
PRB zest Fase odes —_ nf aa eae 0} zn<| ae Faas og] cosa ey 
| 35, eae 


SOE to data dela’ oe 


ee ee 
Write commend set-up time(Testmode in) _|twrs_ | io] | tol | sof st to] ns | 12 | 
Write commend hold time(Test mode in) |wTH | to] 

W to RAS precharge time(C-B-Hrefresh) [wap | io| | 

WtoRASholdtime(C-B-Hrefresh) _———|tWRH_| 10 | 


Output buffer turn off delay from RAS REZ _| 


Output buffer turn off delay from W 


W to data dela jae 


CAS hold time to 0} 
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KM48C2004A/AL/ALL/ASL 
KM48C2104A/AL/ALL/ASL CMOS DRAM 


TEST MODE CYCLE 


| 5s | 6 
=== 


Random read or write [Random read orwrite cycletime time 415] | 135 


=e 
a ce Ee Ree ae ee 
Accesstine rem FAS ————ittmac =|]! || oe loa 
|AccesstimefromTAS CCA, OT | te] S| oT |S 5] ns 3.4.5 | 45 
Access tine rom column adress [twa | [ao | a | ad) | a5] ne Jas | 
HAS puso wah [aa [55 Topool 6] so,000) 7a] ,000| 68] sogoo! ne |_| 
xs gusewan fas [a raoul sl oad a oad as[ solos | 
esB.nelime__st!_1e}_/ait___ a 
eT aaa (a Oe Me 
emaseonitiine {oa {art [oe Tad tel Ted — 
TAStoWdelaytime  —Sss———stcwo tat] | as] tl St | | ns | 
oe ee eae 
cman iors [wo [a] Teal Tog Lal Ts Ta 
a ae Se | ra 
>| tal a rt a 
5 


| 25 
67, 
ie on 


(Note. 12) 


35 0 eu 45 50 
20 


[ns 
DE nana dey roe ba Pao] = i 
[OE commandholdtime = ftoeH [is] | 20] | ast ts] ns | 


TEST MODE DESCRIPTI ON 


The KM48C20(1)04A/AL/ALL/ASL is the CMOS DRAM organized 2,097,152 words by 8 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If upon reading, two bits on one !/O pin are equal (all "1" or 
"O"s) the I/O pin indicates a "1". If they were not equal, the I/O pin would indicate a "0". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx8 DRAM. Wand CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", . And "CAS before RAS Refresh Cycle" or "RAS Only Refresh Cycle" 
puts it back into "Normal Mode". In the Test Mode, “W and CAS before RAS Refresh Cycle" peforms the 
refresh operation with internal CBR refresh address counter. The "Test Mode" function reduces test time(1/2 in 
cases of N test pattern). 


ELECTRONICS 


KM48C2004A/AL/ALL/ASL 


1. 


14, 


15. 


16. 


17. 


KM48C2104A/AL/ALL/ASL | CMOS DRAM 
NOTES 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vin(min) and Vii(max) are assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time-is 
controlled exclusively by tCAC. 


. Assumes that tRCD> tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS> tWCS(min) the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tcWD> tCWD(min), tRWD=> 
tRWD(min) and tAWD> tAWD(min), then the cycle is a read-write cycle and the data output will contain 
the data read from the selected address. If neither of the above conditions are satisfied, the condition of 
the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
10. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 


These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. : 

tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

4096(2048) cycle of burst refresh must be executed within 64(32) ms before and after self refresh, in 
order to meet refresh specification. 

tASC 2tCPmin, Assume tT =2.0ns 
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KM48V2004A/AL/ALL/ASL 


KM48V2104A/AL/ALL/ASL CMOS DRAM 
2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 
FEATURES GENERAL DESCRIPTION 
* Performance range: The Samsung KM48V20(1)04A/AL/ALL/ASL is a CMOS 
[—______Tirachieac] tae [pc] high speed 2,097,152 x 8 Dynamic Random Access 


Memory. Its design is optimized for high performance 
applications such as mainframes and minicomputers, 
graphics and high performance portable computers. 

The KM48V20(1)04A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS -before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs are 
fully TTL compatible. 

The KM48V20(1)04A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


dla oor ea futons Sara 
ews yoanavast7 {ons |2ons|1¢ons| 20n5| 
aV20)OANALIALUAS-# [One| 20n [600 ans 


¢ KM48V2004A/AL/ALL/ASL(4K Product) 

* KM48V2104A/AL/ALL/ASL(2K Product) 

¢ Fast Page Mode with Extended data out 

¢ Self Refresh Operation(LL-Ver. only) 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden refresh capability 

* Fast parallel test mode capability 

¢LVTTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 
¢ Single +3.3V+0.3V power supply ADDRESS 


¢ 4096 cycle/64ms refresh(normal DRAM) 

* 4096 cycle/128ms refresh(Low power & self ref.) ADD Loe KM48V2004A(4k) | KM48V2104A(2k) 
* 4096 cycle/256ms refresh(Super low power) Row Add. AO -A11 AO - A10 

Col. Add. AO - A& AO - AQ 


¢ 2048 cycle/32ms refresh(normal DRAM) 

* 2048 cycle/128ms refresh(Low power & self ref.) 
¢ 2048 cycle/256ms refresh(Super low power) 

e JEDEC Standard pinout 

¢ Available in Plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


RAS 
Control VDD 
CAS Clocks Vss 
w 


Refresh Timer 
pe eee 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer Column Decode 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to change 
products and specifications without notice. 
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Data in 
Buffer 


DQ1 
to 
DQ8 


all 


Memory Array 
2,097,152x 8 
Cells 


ense Am 


ee 


Row Add. +> 


Col. Add. OF 


KM48V2004A/AL/ALL/ASL 
KM48V2104A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 
* Note : ( ) --> 2K Product 


* KM48V20(1)04AJ/ALU/ALLJ/ASLJ =» KM48V20(1)04AT/ALT/ALLT/ASLT » KM48V20(1)04ATR/ALTR/ALLTR/ASLTR 


VDD 
pai 
DQ2 
DQ3 
DQ4 
W 
RAS 
A11(N.C) 


| AQ -Ai1_| Aqgare ae 4K Frog 

|RAS _| RowAddress Strobe 
|W | Read/Write Input 
[OE _| DataOutputsEnable 
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KM48V2004A/AL/ALL/ASL 
KM48V2104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


[Parameter «CC Symbor[—ating | 


| Units | 
Troweroiran itm | | lw 
[son croatia Gurae [me 0 ra 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 


this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


[Parameter [Symbol [win | Typ | wor [ont 
Smpnvorase | ve [eo | se | se | v 
food] vm | | | | 
Input rgn vonage | vw | ae | | voowal v 
nputtow Votage | | aa] - | a» [| v 


<fi< |< [< 
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KM48V2004A/AL/ALL/ASL ; 
KM48V2104A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


reer Da capagtcnntscs «fee 


: KM48V20(1)04A/AL/ALL/ASL-6 80(100) 
OPERATING CURRENT KM48V20(1)04A/AL/ALUIASL-7 i6ci 70(90) 
(RAS and CAS cycling @tRC=min.) : 50(80 mA A 
KMAaaV2OCI)O4A 2 
STANDBY CURRENT 1 
Icc2 1 
1 


KM48V20(1)04AL 
(RAS=CAS=W=Vu ) 
KM48V20(1)04ASL 
RAS- * Ee METS 80(100} mA 
burt REFRESH CURRENT KM48V20(1)04A/AL/ALL/ASL-7 jis | 70(90) mA 


KM48V20(1)O4ALL 
(CAS=Vin, RAS cycling @tRC=min.) KM48V20(1)04A/AL/ALL/ASL-8 50(80 


* KM48V20(1 ee 100(125) mA 
EDO NODE CURRENT mua uwnununsc| ox | [ome ma | 


(RAS=Vit, CAS,Address cycling @tHPC=min.) KM48V20(1)04A/AL/ALL/, ASL-8 B0(90) mA 


KM48V20(1)04A 1 

STANDBY CURRENT KM48V20(1)04AL fees 300 
(RAS=CAS=W=Vop-0.2V) KM48V20(1)04ALL 200 
g 200 


: 5s » |KM48V20(1)04A/AL/ALL/ASL-6 80(100) 
CAS-BEFORE RAS REFRESH CURRENT’ | a eee ALAS + fice | oo 
: KM48V20(1)04A/AL/ALL/ASL-8 60(80 
Battery back-up current 
Average power supply current 
Battery back-up mode 
Input high voltage(ViH)=Vpp-0.2V KM48V20(1)04AL 
Input low voltage(ViL)=0.2V KM48V20(1)04ASL 
CAS=CAS-before-RAS cycling or 0.2V 
DQ1 ~ DQ8 = Don't care 
tRC(4K/2K)= 31.25/62.5us(L-ver), 
62.5/125us(SL-ver) 
tRAS=tRASmin~300 ns 
Self refresh current 
RAS=CAS=0.2V 
W=O0E=A0 ~ A11(A10) = Vop-0.2V_ or 0.2V 
DQ1 ~ DQ8= Vop-0.2V, 0.2V_or open 


INPUT LEAKAGE CURRENT (Any input 0<VinsVop+0.3V Te 10 

all other pins not under test=0 volts.) 

OUTPUT LEAKAGE CURRENT ea 10] pa 
(Data out is disabled, OV<Vour<Vpp) u) 

OUTPUT HIGH VOLTAGE LEVEL (lon=-2mA) | Vor | 24] - | Vv | 
OUTPUT LOW VOLTAGE LEVEL (loc=2mA) pVo | - | 04] v | 


*NOTE :  Icc1, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 and Iccs, 
address can be changed maximum once while RAS=Vi. In Icc4, address can be changed 
maximum once within one Hyper Page cycle. 


KM48V20(1)04ALL 
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KM48V2004A/AL/ALL/ASL 
KM48V2104A/AL/ALL/ASL CMOS DRAM | 


CAPACITANCE(Ta=25°C, Von=3.3V, f=1MHz) 


[Parameter | _Symbot 
input capactance (FAS, CAS, W.=] | Ow 
[Output Capacitance [DQ1 -0G@]_—_| cm 


AC CHARACTERISTICS (0°CsTa<70°C, Voo=3.3V+0.3V, See notes 1,2) 
Test condition : Vin/Vi = 2.0V/0.8V, Voh/Voi = 2.0V/0.8V, output loading CL = 100pF 
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KM48V2004A/AL/ALL/ASL 
KM48V2104A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (0°C<T<70°C, Vov=3.3V+0.3V See notes 1,2) 


tos | of To sf t0 


Data set-up time 
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Write command set-up time 
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per Page cycle time tHPC 


is | sa} ons 
Re ove geT OS Fs REN OU 
ee ee le a 
ee | 60|200,000|__70 | 200,00 __80 |200,000]_ns|__| 
RAS hold time from TAS precharge RCP Pal S| as | ns] 
lo accesstime = S=s——CSCidtoeA | S| Sts] S| St S| ol ns | 
OEtodatadelay ss CSC—~—C~itED =| ts} S| | S| | Ss | 
Ouoututer tu otdelay tom DE __hoez_} _a}_1g}__a}_ad_a}_a}_na/ nas 
OE command hold time tOQEH ek | 
| Write command set-up time (test mode in) _|twrs_| 10] 
Naeea ain eran 


ELECTRONICS 


KM48V2004A/AL/ALL/ASL 
KM48V2104A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (0°C<Tas70°C, Voo=3.3V+0.3V See notes 1,2) 


eee a Ama tet et ete tet 
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TEST MODE CYCLE (Note. 12) 


Parameter 


nsoneorainaeine fae fw [fs [Poe fm | 
ett tine fw [own [ [ve [Pate [Dore 
ecesstime em RAS i =| | | ns a 
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FAS hold time trsH_| 20 | | as | | as | ns | 
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Column address to RAS lead time trae | 95 | | ao | | as | ns | 
CAS to W delay time rowo | 45 | | ss| | ss | | ns | 
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[Accesstime form TAS precharge _—SssCPA—s| S| Sad S| Sts} S| col ns 
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TEST MODE DESCRIPTI ON 


The KM48V20(1)04A/AL/ALL/ASL is the CMOS DRAM organized 2,097,152 words by 8 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If upon reading, two bits on one I/O pin are equal (all "1" or 
"O"s) the 1/O pin indicates a "1". If they were not equal, the I/O pin would indicate a "0". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx8 DRAM. Wand CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", . And "CAS before RAS Refresh Cycle” or "RAS Only Refresh Cycle" 
puts it back into "Normal Mode". In the Test Mode, "W and CAS before RAS Refresh Cycle" peforms the 
refresh operation with internal CBR refresh address counter. The "Test Mode" function reduces test time(1/2 in 
cases of N test pattern). 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 
NOTES 


1. 


14. 


15. 


16. 


17. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. . . 


. Vin(min) and Vii(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vit(max) are assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 


. Measured with a load equivalent to 1 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 


controlled exclusively by tCAC. 
. Assumes that tRCD> tRCD(max). 
. tAR, tWCR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or Vot. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. if tWCS> tWCS(min) the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), tRWD> 
tRWD(min) and tAWD= tAWD(min), then the cycle is a read-write cycle and the data output will contain 
the data read from the selected address. If neither of the above conditions are satisfied, the condition of 
the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
10. 


These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 


reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 


These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 

tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

4096(2048) cycle of burst refresh must be executed within 64(32) ms before and after self refresh, in 
order to meet refresh specification. 

tASC 2tCPmin, Assume tT =2.0ns 
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x4 & x8 Timing Diagram 


Attached timing Diagram sets are adopted to x4 & x8 
EDO DRAMs. | 


* KM44C1004C/CL/CSL 

* KM44V1004C/CL/CSL 

* KM48C514B/BL/BLL 

* KM48V514B/BL/BLL 

* KM44C4004A/AL/ALL/ASL 
* KM44C4104A/AL/ALL/ASL 
* KM44V4004A/AL/ALL/ASL 
° KM44V4104A/AL/ALL/ASL 
* KM48C2004A/AL/ALL/ASL 
* KM48C2104A/AL/ALL/ASL 
* KM48V2004A/AL/ALL/ASL 
* KM48V2104A/AL/ALL/ASL 


x4 and x8 Devices timing Diagram CMOS DRAM 
TIMING DIAGRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram . CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 


HYPER PAGE READ AND WRITE MIXED CYCLE 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
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x4 and x8 Devices timing Diagram . CMOS DRAM 
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x4 and x8 Devices timing Diagram CMOS DRAM 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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x4 and x8 Devices timing Diagram ; CMOS DRAM 
TEST MODE IN CYCLE . 
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x16 Timing Diagram 


Attached timing Diagram set is adopted to x16 
EDO DRAMs. 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
TIMING DIAGRAM 
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x16 (2CAS) Device timing Diagram 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 


HYPER PAGE MODE UPPER BYTE WRITE CYCLE(EARLY WRITE ) 
NOTE : Dour = Open 


trasp oe 
tuec S i 
we ‘a ERE 
os FO ani Ei 
Vin - ROW y; : Sain i ty 
Ans Ge toon \G soo aN YW 
"i. QUA —— 


ve ani 
Dat = Dae Liddle 


se WOK 2. LI 
Don't Care 


DQ9~ DAI6 Vy TIN , 


PSnmsungg —- 


ELECTRONICS 


x16 (2CAS) Device timing Diagram CMOS DRAM 


HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 


tcsH 
Vin tHeRwc 
Vit 
i 
7 — ‘tcrP 
UCAS Vin tcas 
Vit 
‘* 
tacp 
Vin 
LCAS 


ae a im = 


tow. 


Vin 
W vr tcwp WP 
Vit tien tg 
Vin hal t 
OE Vi {pH 
ine 
ae 
DAI ~ DAB ie tt 
OL 
il 
Bark ou Aster! IN 
tou 
OED 
Be 
” nae! 
pag ~paie “i - OX.) 
Vio. - 
teiz 
VALID VALID 
oe DATA-IN Sout DATA-IN 


Don't Care 


ELECTRONICS 


x16 (2CAS) Device timing Diagram CMOS DRAM 


HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 


i ae 
ae —— = = 


DQ1 ~ DGB |, 


a rete Ea : 
oe ali 


five 


toiz DATA-IN DATA-OUT DATA-IN 


pag ~ pais ¥* OPEN 
Voi 


Y Don't Care 


E ELECTRONICS 


x16 (2CAS) Device timing Diagram CMOS DRAM 
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x16 (2CAS) Device timing Diagram CMOS DRAM 
HYPER PAGE READ AND WRITE MIXED CYCLE 


trasp Pp 
: — 
Vin - READ(tCAC) READ(tCPA) ; WRITE 


[ re 
CCAS Vit 
A YY aif ADDRESS — de I Th YD Sue 


me 


. = P . 
aoe ‘| 


* RAC 
V - her =n ‘ALID au VALID 
ma Ee Se = Sl [ole 
tcac taa fe 
taaa NI 
trac 

DQ1~ V - VALID VALID 

eh Y) ( out PX DATA-IN ) Yy (eer) 


DQ16 Vio - 


Ci} 


| DATA-OUT ) 


Don't Care 


137 


ELECTRONICS 


x16 (2CAS) Device timing Diagram CMOS DRAM 
RAS-ONLY REFRESH CYCLE | 
. NOTE : W, OE, Din = Don't care 
Dout = O 


tac 
- tras tre 


coms wl 
A: 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A= Don't Care 


tre tras— tre 


or a —- lll 
Ne ie annem /////N 
DQi ~ Das a i — OPEN 
[tore 
DQ9 ~ DA16 ni . ) 7 oa 
Don't cals 


a 


x16 (2CAS) Device timing Diagram CMOS DRAM 


CAS-BEFORE-RAS SELF REFRESH CYCLE(LL-version) 
NOTE: W, OE, A= Don't Care 


trass +—— tps 
RAS ies | 
IL 
trec 
tcHR 
vers vm Ae 
Vi - YY N 


| tour | 


roms Ye as Vs 


tcez 
[ . 


pai ~ pas Yo ~ . \ OPEN 
VoL - 


pag ~ paige Y% -. \ OPEN 
Vo. - ; 


Y Don't Care 


Ra TS PT TT SB I SL TIE TE TES CE ET DO TE EE ED 
PSimsunid ~ 
ELECTRONICS .- | 


x16 (2CAS) Device timing Diagram CMOS DRAM 


HIDDEN REFRESH CYCLE ( READ ) 


UCAS yy | vir ici =e ee 


LORS | aft ell pani’ 


"- YR, t 
Wye. ll a 
or a : 


tcez 
He 
t 
trac 7p } toez = a 
DQ1 ~ DAB os ; OPEN —_ Gy DATA-OUT / 
CEZ 


tcac 
tciz 


trac 


pag ~ pais Yo 
Vor 


Don't Care 
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x16 (2CAS) Device timing Diagram CMOS DRAM 


HIDDEN REFRESH CYCLE ( WRITE ) 
NOTE : Dour = OPEN 


- ma = = 
aT. Sa EP 


Aye I O co LA ddd 
MY" Yj 


oe 
N/a III 


SO 


ELECTRONICS 


x16 (2CAS) Device timing Diagram | CMOS DRAM 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vv 
tcsr 
tRsH , 
UCAS “4 - iz tcHR CAS fo 
a =<). 
Vin - : 
cas ot (j= // 


elpery 
:: a S2 meee 


READ CYCLE 


wa. a — ih 
. WHMMMMMMM@edl Lida 


Dat ~ Dat6 \ Ik in ama | 
TD) “CLE —~Wdldllida 
(Tl |,  l 


ip 


Vin - 
Vit - 


DQ1 ~ DQI6 i 
"" GY GU = el 


YY fie 


On bo sete yore 
‘YADA Don't Care 
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Package Dimensions CMOS DRAM 


Units: Inches (Millimeters) 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.279 (7.08) 
0.293 (7.44) 
0.325(8.26) 


- 


Le si L__] L_J Lice} = fs] LJ ee] LJ: 
0.862 (21.89) ae 
0.872 (22.15) ‘ 0.009 (0.23) } 
0.050 (1.27) 0.015 (0.38) 0.013 (0.33) 
MAX MIN 


0.183 (4.65) 


| MAX 
0.135 (3.43) | 0.115 (2.92) 
0.145 (3.68) an 
0.100 (2.54) LL i 0.035 (0.89) 
TYP 0.055 (1.40) 
0.016 (0.41) 
0.024 (0.61) 


20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


0.027 (0.69) 
MIN 


0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.295 (7.49) 


0.670 (17.02) 
0.680 (17.27) 


a 0.128 (3.25) 
0.145 (3.68) 


0.004 (0.1) 


0.050 (1.27) 0.015 (0.38) 0.026 
TYP 0.021 (0.53) 0.032 
0.050 (1.27) 


(0.66) 
(0.81) | - 
| MAX 
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Package Dimensions CMOS DRAM 


20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


[oe ee 
Sfonsee] GOAAAE—AAAAHS 
0.048 (1.22) | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) 
0.024 (0.60) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


0.016 (0.40) 
0.024 (0.60) 


0.232 (5.90) 
0.240 (6.10) 


4 


0.565 (14.35) 

0.569 (14.45) 
0.626 (15.9) 
0.634 (16.1) 


amen be 


0.039 (1.0) 


0.047 (1.20) 
[EL o003(008)] & 


0.004 (0.1) 0.022 (0.55) 0.016 (0.40) 
0.012 (0.3) 0.018 (0.45) 0.024 (0.60) 
ELECTRONICS 


Package Dimensions CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 


0.295 (7.49) 
0.305 (7.75) 
0.008 (0.20) 
0.012 (0.30) 


| 0.128 (3.25) 
: 0.145 (3.68) 


— 


0.670 (17.02) 
——| 
0.680 (17.27) 


CY | 0.004(0.1) 
0.050(1.27) : J 0.015(0.38) L 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 
|_ 0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.302 (7.67) 


—_—— 
* 0.324(8,22) 
0.359 (9.12) 

0.367 (9.32) == 


0.298 (7.57) 


|S 
o|N 
0.671 (17.04) = = 
0.679 (17.24) Siz 
o}1}o 


0.005 (0.13) 
0.008 (0.20) 


[I _ 0.003 (0.08) | CHHHEEE (HH AEE 


> d L 0.048 (1.22) co 0 L 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 
TYP 


0.016 (0.40) | = 
0.024 (060) 
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Package Dimensions CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 


0.445(11.30) 


0.360(9.10) 
0.380(9.65) 
0.430(10.90) 


0.400(10.16) 


0.008(0. 20) 


MAX 


0.725(18.42) 0.144(3.66) 


GC} 0.004(0.1) HEGINET IVI LPIUABEGTTS 
0.050(1.27) 0.015(0.38) a 0.026(0.66) 
TYP 0.021(0.53) |< 032(0.81) 
0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.03 (0.80) 
ae 


it 
: 


1 |e (1.22) oa | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.423 (10.76) 


0.398 (10.11) 
0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.723 (18.36) 
0.727 (18.46) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


OQ) 0.003 (0.08) | 


0.016 (0.40) | | 
0.024 (0.60) 
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Package Dimensions CMOS DRAM 


28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027(0.69) 
MIN 


0.720(18.29) 
0.730(18.54) | 
= = 


0.365(9.27) 
0.375(9.53) 


0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 
0.435(11.05) 
0.445(11.30) 


¢ 
Poe Lo eee Ee Ey ey 
0. 


026(0.66) 
0.032(0.81) 


0.140(3.56) 
0.148(3.76) 


[evn 


0.050(1.27) 
MAX 


0.016(0.41) 0.050(1.27) 
0.020(0.51) TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) 0.03 (0.80) 


x 


0.423 (10.76) 
0.459 (11.66) 
0.466 (11.86) 


= bos 
TIN 
Co}1o 
Rael Bast 
a 
ain 
DIO 
21s 
o}oO 


| 0.005 (0.13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) _fG04t (105) 


eS er 
[oO] oo max_ | ERA 
0.037 (0.95) | | 0.048 (1.22) | | 0.016 co40)} 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) | 
0.024 (0.60) 
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Package Dimensions | CMOS DRAM 


40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.025(0.64) 
7 r MIN 


1.020(25.91) 
1.030(25.16) 7 
Pea ie ee ed fe ed ek Fa 


7 
. 


0.395(10.03) 
0.405(10.29) 
0.445(11.30) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 


0.435(11.05) 


fe 


— 
0.130(3.30) 
0.140(3.56) 


[econ 


0.016(0.41) be 0.050 (1.27) J | 0.050(1.27) 
0.020(0.51) TYP MAX 


40 LEAD PLASTIC THIN SMALL OUT- LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


0.80 TYP 


0.10 
0.25 


0.80 TYP : : 
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REPRESENTATIVES 


SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 


Northwest North Central Northeast 
3655 North First Street 300 Park Boulevard 119 Russell Street 
San Jose, CA 95134 Suite 210 Littleton, MA 01460 


ttasca, IL 60143-2636 
TEL: (708) 775-1050 
FAX: (708) 775-1058 


TEL: (508) 486-0700 
FAX: (508) 486-8209 


TEL: (408) 954-7000 
FAX: (408) 954-7883 


Southwest South Central Southeast 
16253 Laguna Canyon Road 15851 Dallas Parkway 802 Greenvalley Road 
Suite 100 Suite 410 Suite 204 


Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 


Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 


Greensboro, NC 27408 
TEL: (919) 370-1600 
FAX: (919) 370-1633 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ALABAMA 


COLORADO 
SOUTHERN COMPONENT SALES 
307 Clinton Ave. East TEL: (205) 533-6500 FRONT RANGE MARKETING TEL: (303) 443-4780 
Suite 413 FAX: (205) 533-6578 3100 Arapahoe Road FAX: (303) 447-0371 
Huntsville, AL 35801 Suite 404 
ARIZONA a Penta CO 80303 
O'DONNELL ASSOCIATES _TEL: (602) 944-9542 
2432 W. Peoria Ave. FAX: (602) 861-2615 B/B TECH SALES TEL: (305) 477-0341 
ican 3900 N.W. 79th Avenue FAX: (305) 477-0343 
Phoenix, AZ 85029 riage nee 
O'DONNELL ASSOCIATES _TEL: (602) 797-2047 
11449 N. Copper Springs Trail FAX: (602) 797-2047 DYNE-A-MARK TEL: (407) 660-1661 
Tucson, AZ 85737 500 Winderley Place FAX: (407) 660-9407 
Suite 110 
CALIFORNIA . Maitland, FL 32751 ; 
BESTRONICS TEL: (619) 693-1111 DYNE-A-MARK TEL: (305) 485-9500 


- 9683 Tierro Granda Street 

Suite 102 

San Diego, CA 92126 

I-SQUARED 

3355-1 Scott Blvd. 

Suite 102 . 

Santa Clara, CA 95054 

WESTAR REP COMPANY 

15265 Alton Parkway 

Suite 400 

Irvine, CA 92718 

WESTAR REP COMPANY 

26500 Agoura Rd. 

Suite 204 

Calabasas, CA 91302 
CANADA 

INTELATECH, INC. 

275 Michael Copeland Drive 

Kanata, Ontario K2M 2G2 

INTELATECH, INC. 

3700 Griffith Street 

Suite 93 : 

St. Laurent, Quebec H4T 1A7 

INTELATECH, INC. 

5525 Orbitor Drive 

Suite 2 

Mississauga, Ontario L4W4Y8 


tie 


ELECTRONICS 


FAX: (619) 693-1963 


TEL: (408) 988-3400 
FAX: (408) 988-2079 


TEL: (714) 453-7900 
FAX: (714) 453-7930 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


TEL: (613) 762-8014 
FAX: (613) 253-1370 


TEL: (514) 343-4877 
FAX: (514) 343-4355 


TEL: (905) 629-0082 
FAX: (905) 629-1795 


3355 N.W. 55th Street 
Fort Lauderdale, FL 33309 
DYNE-A-MARK 

742 Penguin Ave., NE 
Palm Bay, FL 32905 
DYNE-A-MARK 

7884 Tent Avenue S 

St. Petersburg, FL 33707 


GEORGIA 


FAX: (305) 485-6555 


TEL: (407) 725-7470 
FAX: (407) 984-2718 


TEL: (813) 345-9411 
FAX: (813) 345-3731 


SOUTH ATLANTIC COMPONENT SALES 


3300 Holcomb Bridge Road 
Suite 210 
Norcross, GA 30092 


ILLINOIS 


DAVIX INTERNATIONAI. LTD. 
1655 N. Arlington Heights Rd. 
Suite 204East 


Arlington Heights, IL 60004 
INDIANA 


GEN Il MARKETING, INC. 
31 E. Main Street 

Carmel, IN 46032 

GEN Il MARKETING, INC 
1415 Magnavox Way 
Suite 130 

Ft. Wayne, IN 46804 


TEL: (404) 447-6154 
FAX: (404) 447-6714 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


TEL: (219) 436-4485 
FAX: (219) 436-1977 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 


IOWA 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


4001 Shady Oak 
Marion, 1A 52302 
KANSAS 


TEL: (319) 377-1129 
FAX: (319) 377-1539 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


8843 Long St. 

Lenexa, KS 66215 
KENTUCKY 

GEN II MARKETING, INC. 

4012 Dupont Circle 

Suite 414 

Louisville, KY 40207 


MASSACHUSETTS 


NEW TECH SOLUTIONS, INC. 


111 South Bedford Street 

Suite 102 

Burlington, MA 01803 
MICHIGAN 

MICROTECH SALES 

9357 General Drive 

Suite 116 

Plymouth, MI 48170 
MINNESOTA 

GP SALES, INC. 

7600 Parklawn 

Suite 315 

Edina, MN 55435 
MISSOURI 


TEL: (913) 888-0022 
FAX: (913) 888-4848 


TEL: (502) 894-9903 
FAX: (502) 893-2435 


TEL: (617) 229-8888 
FAX: (617) 229-1614 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


TEL: (612)831-2362 
FAX: (612) 831-2619 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


11520 St. Charles Rock Rd. 


Suite 131 
Bridgeton, MO 63044 
NEW YORK 
NEPTUNE ELEC. 
255 Executive Dr. 
Suite 211 
Plainview, NY 11803 
T-SQUARED 
6170 Wynmoor Drive 
Cicero, NY 13039 
T-SQUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 
_ T-SQUARED 
1790 Pennsylvania Avenue 
Apalachin, NY 13732 
NORTH CAROLINA 


TEL: (314) 298-9900 
FAX: (314) 298-8660 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


TEL: (315) 699-1559 
FAX: (315) 699-1705 


TEL: (716) 924-9101 
FAX: (716) 924-4946 


TEL: (607) 625-3983 
FAX: (607) 625-5294 


SOUTH ATLANTIC COMPONENT SALES 


5200 Park Road 
Suite 103 
Charlotte, NC 28209 


TEL: (704) 525-0510 
FAX: (704) 525-9714 


SOUTH ATLANTIC COMPONENT SALES 


4904 Waters Edge Drive 

Suite 268 

Raleigh, NC 27606 
OHIO 


TEL: (919) 859-9970 
FAX: (919) 859-9974 


J.N. BAILEY & ASSOCIATES — TEL: (513) 687-1325 


129 W. Main Street 
New Lebanon,OH 45345 


FAX: (513) 687-2930 


J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 


3591 Milton Avenue 
Columbus, OH 43214 


éceee'” 


ELECTRONICS 


FAX: (614) 262-0384 


J.N. BAILEY & ASSOCIATES 


1667 Devonshire Drive 

Brunswick,OH 44212 
OREGON 

ATMI 

4900 SW Griffith 

Suite 155 

Beaverton, OR 97005 
PENNSYLVANIA 


CMS SALES & MARKETING 


527 Plymouth Road 
Suite 420 


Plymouth Meeting, PA 19462 


PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 
TEXAS 
O'DONNEL ASSOCIATES 
5959 Gateway West 
Suite 558 
El Paso, TX 79925 
VIELOCK ASSOCIATES 
555 Republic Drive 
Suite 105 
Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Bivd. 
Echelon Bidg. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES 
10700 Richmond Avenue 
Suite 108 
Houston, TX 77042 
UTAH 


4 
f 


TEL: (216) 273-3798 
FAX: (216) 225-1461 


TEL: (503) 643-8307 
FAX: (503) 643-4364 


TEL: (215) 834-6840 
FAX: (215) 834-6848 


TEL: (809) 892-4260 
FAX: (809) 892-3366 


TEL: (915) 778-2581 
FAX: (915) 778-6429 


TEL: (214) 881-1940 
FAX: (214) 423-8556 


TEL: (512) 345-8498 
FAX: (512) 346-4037 


TEL: (713) 974-3287 
FAX: (713) 974-3289 


FRONT RANGE MARKETING, INC. 


488 E. 6400 South 

Suite 280 

Murray, UT 84107 
WASHINGTON 

ATMI 

8521 154th Ave., NE 

Redmond, WA 98052 
WISCONSIN 


DAVIX INTERNATIONAL LTD. 
N91W17194 Appleton Avenue 
Menomonee Falls, W! 53051 


TEL: (801) 288-2500 
FAX: (801) 288-2505 


TEL: (206) 869-7636 
FAX: (206) 869-9841 


TEL: (414) 255-1600 
FAX: (414) 255-1863 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 


EUROPE GmbH 

Am Unisyspark 1, 

65843 Sulzbach (Germany) 
TEL: 0049-6196-582-06 
FAX: 0049-6196-750-345 


SAMSUNG SEMICONDUCTOR 


PARIS OFFICE 

Centre d'Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 

92357 Le Plessis-Robinson 
TEL: 0033-1 -40940700 
FAX: 0033-1-40940216 


MUENCHEN OFFICE 
Cari-Zeiss-Ring 9 
D-85737 Ismaning bei 
Muenchen 

TEL: 0049-89-964838 
FAX: 0049-89-964873 


MILANO OFFICE 
Viale G. Matteotti, 26 
1-20095 Cusano 
Milanino 

TEL: 0039-2-66400181 
FAX: 0039-2-6192279 


STOCKHOLM 


OFFICE 


Bergkaellavaegen 32 
PO. Box 319 
S-19130 Sollentuna 
TEL: 0046-8-6269626 
FAX: 0046-8-6268638 


BARCELONA OFFICE 
C. Provenza, 5193-1 
E-08025 Barcelona 
TEL: 0034-3-4-504876 
FAX: 0034-3-4-331 944 


LONDON 

Samsung House 

225 Hook Rise South 
Surbiton 

Surrey 

KT6 7LD 

TEL: 0044-81-3914550 
FAX: 0044-81-9742540 


BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckley, 
Leicestershire LE10 
1EQ 

TEL: 0044-455-891111 
FAX: 0044-455-612345 


BELGIUM OFFICE 
Rue de Geneve 10, 
B3 B-1140 Brussels 
TEL: 0032-2-2456510 
FAX: 0032-2-2456313 


EUROPE 


BELGIUM 


DANE-LEC BELGIUM 
91-93 Rue J.D. Navez 
B-1210 Bruxelles 


DENMARK 


EXATEC A/S 
Mileparken 20E 
DK-2740 Skoviunde 


MIKO KOMPONENT AB 


Segersbyvaegen 3 
S-14502 Norsborg 


FINLAND 


TAHINIK OY 
P.O. Box 125 
SF-00241 Helsinki 


OY FINTRONIC AB 
Pyyntitie 3 
SF-02230 Espoo 


FRANCE 


MEGACHIP 
7 avenue du Canada 
ZA de Courtaboeuf 


91966 LES UILIS Cedex 


FRANCE 


SCAIB 

80 Rue d’Arcueil 

Silic 137 

94523 RUNGIS Cedex 
FRANCE 


TEL : 0032-2-2167058 
FAX : 0032-2-2166871 


TEL : 0045-44927000 
FAX : 0045-44926020 


TEL : 0046-853189080 
FAX : 0046-853175340 


TEL : 00358-1482177 
FAX : 00358-1482189 


TEL : 00358-0887331 
FAX : 00358-088733342 


TEL : 0033-1-69290404 
FAX : 0033-1-69290039 


TEL : 0033-1-46872313 
FAX : 0033-1 -45605549 


ELECTRONICS 


GERMANY 


ASTRONIC GmbH 
Gruenwalder Weg 30 
D-82041 Deisenhofen 


SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 


TEL : 0049-89-6130303 
FAX : 0049-89-6131668 


CANNING ELECTRONIC DISTRIBUTION CED GmbH 
Laatzener Str. 19 
D-30539 Hannover Delete 


MSC VERTRIEBS GmbH . 
Industrie Str. 16 
D-76297 Stutensee 3 


MICRONETICS GmbH 


Dieselstrasse 12 
D-71272 Renningen 


TEL : 0049-511-87640 
FAX : 0049-551-8764160 


TEL : 0049-7249-9100 
FAX : 0047-7249-7993 


TEL : 0049-7159-92583-0 
FAX : 0049-7159-9258355 


SILCOM ELECTRONICS VERTRIEBS GmbH 
Hindenburg Str. 284 
D-41061 Moenchengladbach FAX : 0049-2161-183313 


ITALY 


TEL : 0049-2161-15074 


DEUTSCHE ITT INDUSTRIES GmbH 
Viale Milanofiori E/5 
I-20090 Assago Mi 


TEL : 0039-2-824701 


FAX : 0039-2-8242631/8242831 


FANTON COMPONENTS BOLOGNA S.R.L. 
Via O. Simoni, 5 
1-40011 Anzola dell' Emilia 


RAFI ELETTRONICA SPA 
Via Savona 134 
1-20144 Milano 


TEL : 0039-51-735015 
FAX : 0039-51-735013 


TEL : 0039-2-48300431 
FAX : 0039-2-428880 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THE NETHERLANDS SWITZERLAND 
MALCHUS BV HANDELMIJ ELBATEX AG 
Fokkerstraat 511-513 TEL: 0031-10-4277777 Hard Str. 72 TEL : 0041-56275511 
Postbus 48 FAX: 0031-10-4154867 CH-5430 Wettingen Schweiz FAX : 0041-56275532 
NI-3125 BD Schiedam 

UNITED KINGDOM 

SPAIN MAGNATEG 
Ronda General Mitre TEL: 0034-3-2172340 Lutterworth FAX : 0044-455-552612 
240 Bis FAX: 0034-3-2176598 Leicestershire 
E-08006 Barcelona LE17 4JB 

SWEDEN ICE ELECTRONICS LTD. 7 

31-32 Stephenson Road TEL : 0044-480-496466 

MIKO KOMPONENTS Burrel Road Industrial Estate FAX : 0044-480-496621 
Segersbyvaegen 3 TEL : 0046-853-189080 St. Ives 
P.P. Box 2001 FAX : 0046-853-175340 Cambridgeshire 
$-14502 Norsborg PE17 4WJ 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ASIA 

HONG KONG 
AV. CONCEPT LTD. 
Unit 11-15, 11/F1, Block A, TEL : 3347333 
Focal Industrial Centre FAX : 7643108 


21 Man Lok Street, Hunghom, 
Kowloon, Hong Kong 


PROTECH COMPONENTS LTD. 

Unit 2,3/F, Wah Shing Centre, TEL : 7930882 ¢ 
11 Shing Yip Street, FAX: 7930811 

Kwun Tong, Kowloon, 

Hong Kong 


WISEWORLD ELECTRONICS LTD. 


Room 708, Tower A, 7/FI., TEL : 7658923 
Hunghom Commercial Centre, FAX: 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

Kowloon, Hong Kong 


IBDT HK LTD. (CHINA AREA) 


Unit 2, 23rd floor, TEL : 565-5898 
Westlands Center, FAX: 564-5411 
No.20 Westlands Road, 
Quarry Bay, Hong Kong 


SOLARBRITE ELECTRONICS LTD. 


(CALCULATOR & WATCH) 

Unit 1, 11/F, Tower 1, Harbour TEL : 3633233 
Centre, 1, Hok cheung FAX: 3633900 

St, Hunghom, Kowloon, TLX : 52543 SECL HX 
Hong Kong 

ATLANTIC COMPONENTS LTD. 

(MEMORY & PC) 

Unit 502, 5/F, Tower Ill, TEL: 7991996 
Enterprise Square, FAX: 7559452 


9 Sheung Yuet Road, Kowloon Bay, 
Kowloon, Hong Kong 


LISENG & CO. 

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Flat B&C, 6/F, Four Seas TEL : 5431338 

Communication Bank Bldg, FAX: 5442602 


49-51 Bonham Strand 
West, Hong Kong 


SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/SBIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, TEL: 418-0988 
Metroplaza, Kwai Fong, FAX: 418-0887 
N.T., Hong Kong 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 


(ASIC DESIGN HOUSE) 

Flat No. 3-4,5/FI., TEL: 7862611 

Yuen Shing Ind. Bldg., . FAX: 7856213 

1033, Yee Kuk Street, West, TLX : 45876 MYK HX 


Kowloon, Hong Kong 


ELECTRONICS 


SYNTHESIS SYSTEMS DESIGN, LTD. 
(ASIC DESIGN HOUSE) 

Unit 4,12/F Chai Wan Ind. City, TEL : 557-1102 
Phase 2, No. 70, Wing Tai Road, FAX: 889-2962 
Chai Wan, Hong Kong : 


TAIWAN 
YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, TEL : (02)788-1991 
Cheng Kung Rd. Nan Kang, FAX: (02)788-1996 
Taipei, R.O.C. . 
SANT SONG CORP. 
4F, No.12, Lane 94, Tsao TEL : (02) 662-7829 
Ti Wei, Shen Keng Hsiang, FAX : (02) 662-0781 


Taipei Hsien, Taiwan, R.O.C. 


SUPREME ELECTRONICS CO., LTD. 
18Fi., No.67, Section 2, 
Tun hwa S. Road, 
Taipei, Taiwan, R.O.C. 


FAX : (02) 7063196 


JAPAN 


TOMEN ELECTRONICS CORP. 


1-1 Uchisaiwa-Cho 2 Chome TEL : (03) 3506-3654 
Chiyoda-Ku Tokyo, 100 Japan FAX: (03) 3506-3497 


RIKEI 

' Nichimen Bldg., TEL : (06) 201-2081 
2-2 Nakanojima 2 Chome, FAX: (06) 222-1185 
Kita-Ku, Osaka, 530 Japan 
ISECO 
26-3, Kitamagome 2 Chome, TEL : (03) 3777-3611 
Ota-Ku, Tokyo, 143, Japan FAX : (03) 3777-3614 
ADO 
7F Sasage Bldg., TEL : (03) 3257-2600 
4-6 Sotokanda 2 Chome FAX: (03) 3251-9705 
Chiyoda-Ku Tokyo, 101 Japan 
MARUBUN 
8-1 Nihombashi-Odenma-Cho TEL : (03) 3639-9897 
Chuo-Ku Tokyo, 103 Japan FAX: (03) 3661-7433 
SAMSUNG JAPAN 


17F, Hamacho Center BLDG. TEL : (03) 5641-9651 
2-31-1, Nihonbashi-Hamacho FAX : (03) 5641-9713 
Chuo-ku, TOKYO 103 JAPAN 
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TEL : (02) 7023258/7023278 


' SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


SINGAPORE 


ASTINA ELECTRONIC(S) PTE LTD. 

203, Henderson Road TEL : 65-2769997 
#12-08 Henderson Industrial Park, FAX : 65-2769996 
Singapore 0315 


BOSTEX ELECTRONICS PTE LTD. 

No.221 Henderson Road TEL : 2765130 
#04-06 Henderson Building FAX : 2765132 
Singapore 0315 


SAMSUNG(THAILAND) CO., LTD. 

15th Fl. Sathorn Thani Bldg., TEL: 662-2367642-5 
92/40-41 North Sathorn Road FAX: 662-2368049 
Bankok 10500, Thailand 


SOUTH-WEST ELECTRONICS PTE LTD. 

30 Kallang Pudding Road, TEL: 7431813 

#04-04 Valiant Industrial Bldg., FAX: 7471128 
. Singapore 1334 


VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 


YIC SINGAPORE PTE, LTD. 

623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65-7477019 
Singapore, 1438 


SAMSUNG SINGAPORE PTE, LTD. 

4,SHENTON WAY, #18-01/10 TEL : 65-5352808 
Shingwan House, FAX : 65-2772792 
Singapore 0106 ; 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 
100, Dadasaheb Phalke Road, TEL: 4114585 


KOREA 


NAEWAE SEMICONDUCTOR CO., LTD. 

Bangbae Center Bldg., TEL: (02)595-1010 
875-5, Bangbae-4dong, FAX: (02)595-7888 
Seocho-ku, Seoul, Korea 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 


4th Fl. Room 2:3, TEL: 718-0045 
Electronics Main Bldg., 718-9531—5 
16-9, Hankangro-3ka, FAX: 718-9536 


Yongsan-ku, Seoul, Korea 


NEWCASTLE SEMICONDUCTOR CO., LTD. 

4th Fl. Room 410-411, TEL: 718-8531—4 
Electronics Main Bldg., FAX: 718-8535 
16-9, Hankangro-3ka, 

Yongsan-ku, Seoul, Korea 


HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATION CO., LTD. 

#302, Monami Blidg., 125-20, TEL: (02)542-4123 
Chungdam-dong, Kangnam-ku, —- FAX: (02)542-2454 
Seoul, Korea 


SEGYUNG INTERISE CORP. 
Dansan Bldg., 301, 7-44 TEL : (02)469-3511 


Hwayang-dong, Sungdong-ku, FAX: (02)469-7966 
Seoul, Korea 


SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 


TEL: (02)273-6781 
FAX: (02)275-9448 
TLX: K24950 SUKSEMT 


SAMTEK 

3/4 FL. Chungju Bidg., 
156-16, Samsung-dong, 
Kangnam-ku, Seoul, Korea 


TEL: (02)538-4400 
FAX: (02)538-4338—9 


Dadar, Bombay 400 FAX: 4112546 
014 TLX: 001-4605 PDT IN SUNIN TRADING CO., LTD. 
Sunin Bldg., 7Fl., 16-8, TEL: (02)702-1257—8 
Hankangro-2ka, Yongsan-ku, FAX: (02)704-0997 
TURKEY Seoul, Korea 
ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmet Rasim TEL: 337-2245 
Sok No. 16 Kadikoy Istanbut, FAX: 336-8814 
Turkey TLX: 29569 elts tr 
CHINA 
IBDT(HK) LTD. (SHANGHAI LIAISON OFFICE) 
Rm 501, TEL : (021) 4316170 : 
750 Zhao Jia Bang Rang Road, FAX : (021) 4316170 
Shanghai, China 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 


ARIZONA 
ADDED VALUE 
7741 East Gray Road 
Suite 9 
Scottsdale, AZ 85260 


CALIFORNIA 
ADDED VALUE 
1582 Parkway Loop 
Unit G 
Tustin, CA 92680 
ADDED VALUE 
5752 Oberlin Drive 
Suite 105 
San Diego, CA 92121 
ALL AMERICAN 
369 Van Ness Way 
Unit 701 
Torrance, CA 90501 
ALL AMERICAN 
2360 Qume Drive, Suite C 
San Jose, CA 95131 
ALL AMERICAN 
5060 Shoreham Place 
Suite 200 
San Diego, CA 92122 
LE.C. 
9940 Business Park Drive 
Suite 145 
Sacramento, CA 95827 
ITT Components 
18 Technology Drive 
Irvine, CA 92718 
ITT Components 
1580 Oakland Road 
Suite C102 
San Jose, CA 95131 
JACO 
1541 Parkway Loop 
Suite A 
Tustin, CA 92680 
JACO 
2282 Townsgate Road 
Suite 100 


Westlake Village, CA 91361 


JACO 

2880 Zanker Road 
Suite 202 

San Jose, CA 95134 


CANADA 
ACTIVE 
237 Hymus Boulevard 


Point Claire, Quebec H9R 5C7 


ACTIVE 

100 S.E. Marine Drive 
Vancouver, BC V5X 283 
ACTIVE 

100 Lombard Street 


Toronto, Ontario M5C 1M3 


ACTIVE — 
5651 Ferrier Street 


Montreal, Quebec H4AP 1N1 


(602) 951-9788 
FAX: (602) 951-4182 


(714) 259-8258 


FAX: (714) 259-0828 


(619) 558-8890 
FAX: (619) 558-3018 


- » (800) 831-8300 


(213) 320-0240 
FAX: (213) 320-7207 


(408) 943-1200 
FAX: (408) 943-1393 


(619) 458-5850 
FAX: (619) 458-5866 


(916) 363-6030 
FAX: (916) 362-6926 


(714) 727-4001 
FAX: (714) 727-2109 


(408) 453-1404 
FAX: (408) 453-1407 


(714) 258-9003 
FAX: (714) 258-1909 


(805) 495-9998 
(800) 266-1282 
FAX: (805) 494-3864 


(408) 432-9290 
FAX: (408) 432-9298 


(514) 694-7710 
FAX: (514) 697-8112 


(604) 324-7500 
FAX: (604) 324-3100 


(416) 367-2911 
FAX: (416) 367-4706 


(514) 731-7441 
FAX: (514) 731-0129 


CANADA (Continued) 
ACTIVE 
3220 5th Avenue, N.E. Bay 2 
Calgary, Alberta T2A 5N1 
ACTIVE 
106 King Edward St., E 
Winnepeg, Manitoba R3H ON& 
ACTIVE 
1350 Matheson Bivd, Unit 2 
Mississauga, Ontario L4W 4MI 
ACTIVE 
6029 103rd St. 
Edmonton, Alberta T6H 2H3 
ACTIVE 
1990 Bivd. Charest O. 
Ste-Foy, Quebec G1N 4K8 
ACTIVE 
1023 Merivale Road 
Ottawa, Ontario K1Z 6A6 
ACTIVE 
6080 Metropolitan East 
Montreal, Quebec H1S 1A9 


COLORADO 
ADDED VALUE 
4090 Youngfield 
Wheatridge, CO 80033 
1LE.C. 
420 East 58th Avenue 
Denver, CO 80216 
1.E.C. 
5750 North Logan Street 
Denver, CO 80216 


Q.P.S. 
14291 E. 4th Avenue 
Bldg. 7, Unit 208 


Aurora, CO 80011 


FLORIDA 
ALL AMERICAN 
16085 NW 52 Avenue 
Miami, FL 33014-9317 
ALL AMERICAN 
5009 Hiatus Road 
Sunrise, FL 33351 
JACO 
1060 Holland Drive 
Suite 3K 
Boca Raton, FL 33487 
RM ELECTRONICS 
581 East St. Rte. 434 
Longwood, FL 32750 


ILLINOIS 
1.E.C. 
2200 N. Stronington Ave., 
Suite 210 
Hoffman Estates, IL 60195 
QPS 
101 E. Commerce Dr. 
Schaumburg, IL 60173 


(403) 235-5300 
FAX: (403) 248-0750 


(204) 786-3075 
FAX: (204) 783-8133 


(416) 238-8825 
FAX: (416) 238-2817 


(403) 438-5888 
FAX: (403) 434-0812 


(418) 682-5775 
FAX: (418)682-8303 


(613) 728-7900 
FAX: (613) 728-3586 


(514) 256-7538 
FAX: (514) 256-4890 


(303) 422-1701 
FAX: (303) 422-2529 


(303) 292-5537 
FAX: (303) 292-0114 


(303) 292-6121 
FAX: (303) 297-2053 


(303) 343-9260 
FAX: (303) 343-3051 


(305) 621-8282 
FAX: (305) 620-7831 


(800) 327-6237 
FAX: (305) 749-9229 


(407) 241-7943 
FAX: (407) 241-7950 


(407) 767-8005 
FAX: (407) 767-8165 


(708) 843-2040 


FAX: (708) 843-2320 


(708) 884-6620 
FAX: (708) 884-7573 
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INDIANA 
RM ELECTRONICS 
1329 W. 96th Street 
Suite 10 
Indianapolis, IN 46260 


MARYLAND 
ALL AMERICAN 
14636 Rothgeb Dr. 
Rockville, MD 20850 
JACO 
Rivers Center 
10270 Old Columbia Road 
Columbia, MD 21046 


MASSACHUSETS 
ALL AMERICAN 
107 Audubon Road 
Suite 104 
Wakefield, MA 01880 


JACO 
1053 East Street. 
Tewksbury, MA 01876 


MICHIGAN 
RM ELECTRONICS 
4310 Roger B. Chaffee Drive 
Grand Rapids, Mi 49508 


MINNESOTA 
ALL AMERICAN 
11409 Valley View Road 
Eden Prairie, MN 55344 


NEW YORK 
ALL AMERICAN 
711-2 Koehier Ave. 
Ronkonkoma, NY 11779 
CAM/RPC 
200 Buell Rd. 
Rochester, NY 14624 
JACO 
145 Oser Avenue 
Hauppauge, NY 11788 


NORTH CAROLINA 
JACO 
5206 Greens Dairy Road 
Raleigh, NC 27604 


OHIO 
CAM/RPC 
749 Miner Road 
Cleveland, OH 44143 
CAM/RPC 
733 H. Lakeview Plaza Rd. 
Worthington, OH 43085 


OREGON 
1.E.C, 
6850 S.W. 105th Ave. 
Suite B 
Beaverton, Oregon 97005 


(317) 580-9999 
FAX: (317) 580-9615 


(301) 251-1205 
FAX: (301) 251-8574 


(410) 995-6620 
FAX: (410) 995-6032 


(617) 246-2300 
FAX: (617) 246-2305 


(508) 640-0010 
FAX: (508) 640-0755 


(616) 531-9300 
FAX: (616) 531-2990 


(612) 944-2151 
FAX: (612) 944-9803 


(516) 981-3935 
FAX: (516) 981-3947 


(716) 436-5070 
FAX: (716) 436-5093 


(516)-273-5500 
FAX: (516) 273-5506 


(919) 876-7767 
FAX: (919) 876-6964 


(216) 461-4700 
FAX: (216) 461-4329 


(614) 888-7777 
FAX: (614) 888-9779 


(503) 641-1690 
FAX: (503) 646-3737 


PENNSYLVANIA 
CAM/RPC 
620 Alpha Drive 
Pittsburgh, PA 15238 


TEXAS 
ALL AMERICAN 
1819 Firman Drive 
Suite 127 
Richardson, TX 75081 
JACO. 
1209 N. Glenville Drive 
Richardson, TX 75081 
JACO 
10707 Corporate Drive 
Suite 124 
Stafford, TX 77477 
JACO 
2120-A Braker Lane 
Austin, TX 78758 


UTAH 
ADDED VALUE 
1836 Parkway Blvd. 
West Valley City, UT 84119 
ALL AMERICAN 
4455 South - 700 East © 
Suite 301 
Salt Lake City, UT 84107 
1.E.C. 
2117 South 3600 West 
W. Valley City, UT 84119 


WASHINGTON 


LEC. . 
1750 124th Avenue, N.E. 
Bellevue, WA 98005 


_ (412) 782-3770 


FAX: (412) 963-6210 


(214) 231-5300 . 
FAX: (214) 437-0353 


(214) 234-5565 
FAX: (214) 238-7066 
(713) 240-2255 
FAX: (713) 240-6988 


(512) 835-0220 
FAX: (512) 339-9252 


(801) 975-9500 
FAX: (801) 977-0245 


(801) 261-4210 
FAX: (801) 261-3885 


(801) 977-9750 
FAX: (802) 975-1207 


(206) 455-2727 
FAX: (206) 453-2963 
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ELECTRONICS 


HEAD OFFICE : 


8/11FL., SAMSUNG MAIN BLDG. 
250, 2-KA, TAEPYUNG-RO, 
CHUNG-KU, SEOUL, KOREA 
C.P.0. BOX 8780 

TELEX : KORSST K27970 
TEL: (02) 776-0114 

FAX — : (02) 753-0967 


SEMICONDUCTOR BUSINESS 
SALES & MARKETING DIVISION : 


16TH FL., SEVERANCE BLDG., 84-11, 
5-KA, NAMDAEMOON-RO, CHUNG-KU, 
SEOUL, KOREA 

TEL: (02) 259-1114 

FAX : (02) 259-2468 


GUMI BRANCH : 


259, GONGDAN-DONG, GUMI, 
KYUNGSANGBUK-DO, KOREA 
TELEX : SSTGUMI K54371 
TEL: (0546) 463-2570 

FAX — : (0546) 461-9258 


SAMSUNG SEMICONDUCTOR INC. : 


3655 NORTH FIRST STREET 
SAN JOSE, CA 95134, USA 
TEL —: (408) 954-7000 

FAX : (408) 954-7286 


SAMSUNG SEMICONDUCTOR 
EUROPE GMBH : 


AM UNISYS PARK 1, 

65843 SULZ-BACH, GERMANY 
TEL =: 49-6196-58206 

FAX  : 49-6196-750345 


SAMSUNG ELECTRONICS JAPAN CO., LTD. : 


HAMACHO CENTER BLDG., 


31-1, NIHONBASHI-HAMACHO 2-CHOME, 


CHUO-KU, TOKYO 103, JAPAN 
TEL _ : (03) 5641-9850 
FAX _ : (03) 5641-9851 


©1994 Samsung Electronics Printed in the Republic of Korea 


SAMSUNG ELECTRONICS 
HONGKONG CO., LTD. : 


65TH FL., CENTRAL PLAZA, 
18 HARBOUR ROAD, 
WANCHAI, HONG KONG 
TELEX : 80303 SSTC HX 
TEL =: 862-6900 

FAX : 866-1343 


SAMSUNG ELECTRONICS CO., LTD. 
TAIWAN BRANCH (KOREA) : 


RM 2401, 24F., INT'L TRADE BLDG., 
333, KEE LUNG RD., SEC. 1, 
TAIPEI, R.O.C 

TEL — : (2) 757-7292 

FAX : (2) 757-7311 


SAMSUNG ELECTRONICS 
SINGAPORE PTE LTD. : 


4, SHENTON WAY, #18-01/10 
SHINGKWAN HOUSE, SINGAPORE 0106 
TEL =: 535-2808 — 

FAX  : 227-2792 


SAMSUNG ELECTRONICS CO., LTD. 
SHANGHAI OFFICE : 


SUITE 4034, 

SHERATON HUATING HOTEL, 
1200 CAOXIBEILU, SHANGHAI 
200030, CHINA 

TEL — : 021-4390707 

FAX — : 021-4393798 


